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PREFACE

This Bulletin presents reports on science and technology
education in the countries of the Asia and Pacific region.

The first section of this issue comprises an introduction
which defines science and technology and how it is dealt with both
within and outside the formal education system. It also summarizes
the highlights of science and technology education in the 24 coun-
tries represented in this Bulletin.

The country articles appear in Section Two

Afghanistan : government educational organizations,
structure of science education, teacher
training;

Australia : science education in schools, curriculum

development, educational technology,
out-of-school programme;

Bangladesh : structure of science education, use of
educationai technology, teacher training,
research, popularization of science;

China : science education in schools, educational
technology, teacher training, out-of-
school science, science for adults, re-
search;

India : science policy, science in schools, labora-
tories and equipment, educational tech-
nology, teacher training, research, inno-
vations;

Indonesia : in-school education, curriculum aspects,
examinations, educational technology,
teacher training, research, out-of-school
science;

Islamic Republic : science in school, research, educational
of Iran technology, teacher training, science out-
of-school, innovations;

' ERIC 7
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Japan

Lao People’s

Democratic

Republic

Malaysia

Maldives

Mongolia

Nepal

New Zealand

Pakistan

Papua New
Guinea

Philippines

science education in schools, the school
curricula, curriculum revision, evaluation,
equipment and laboratories, educational
technology, research;

organization of science education, educa-
tional technology, teacher training, re-
search, popularization of science, inno-
vations;

structure of education, curriculum renewal,
educational technolegy, qualifications of
teachers, research, innovations;

science in schools, use of educational tech-
nology, teacher training qualifications,
programmes and innovations;

school education, the curriculum, educa-
tional technology, teacher training, pro-
grainmes for extramural youth, innovations;

the educational system, curriculum aspects,
evaluation, laboratories and equipment,
teacher training, innovations;

the education system, educational technol-
ogy, teacher training, research, out-of-
school programmes, innovations;

National education policy, science in
schools, educational technology, research
projects, popularization of science, inno-
vations;

science in the school system, adult and
vocational education, curriculum aspects,
examinations, educational technology, tea-
cher training, out-of-school science;

science education in school, pre-university
science curriculum, evaluation, laboratory
work and equipment, educational technol-
ogy, research;




Republic of Korea : school system, evaluation and public
examinations, laboratory work, edu-
cational technology, teacher educa-
tion, in-service training, innovations;

Singapore : structure of school education, science
in schools, educational technology,
teachers and teacher training, research,
out-of-school youth, innovations;

Socialist Republic : science and technology policy, science

of Viet Nam in schools, educational technology,
teacher training, research, out-of-
school science, innovations;

Sri Lanka : national science policy, science educa-
tion in schools, educational technol-
ogy, teacher training, research, popu-
larization of science, innovations;

Thailand : science in schools, out-of-school sci-
science, current innovation projects;

Turke : science in schools, use of e¢ducational
y
technology, teacher training, research,
out-of-school education, innovations;

Union of Soviet : aims and objectives, struciure and

Socialist Republics content of science, science education
and society, methodology, assessment,
out-of-school science.

Section Three consists of papers describing some experiences
in developing programmes for achieving the objectives of science
education for all and the future needs of science for all.

Section Four is the Bibliographical Supplement to which
more titles contributed by readers would be welcomed by the
Unesco Library in Bangkok. 0O
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AN INTRODUCTION TO SCIENCE AND TECHNOLOGY
EDUCATION IN ASIA AND THE PACIFIC

What is science?

The world in which we live is, in some ways, still much the same
as it has always been since Man first began to try to understand it. It
is the world of light and darkness, of earth, sun and the universe; the
world of time and motion, of seasons and climates, of forces and
energy and matter. It is a world of land and sea, of plants, animals
and of ourselves; a *vorld of growing and developing, of procreation,
of aging and dying. It is a world of winds and clouds, of rains,
typhoons and monsoons, of rocks and soils and of thousands of
other things and events. It is also a world of Man’s inventiveness
from the simplest of tools to the most sophisticated of satellites.

Man has learned how to live in this world, to conquer it, not by
force but by understanding. And understanding is the quest of
science. Superstition and magic have often taken the place of under-
standing. But slowly an organized and ordered way of looking at the
physical world, and learning from it, has emerged and this we call the
process of science. Science is thus a special interaction between the
searching human mind and the physical biological world ir. which we
live.

Science is a process of diligence, refined over the years, by
which we observe things as they are and events as they happen. It
strives Lo be preccise and accurate. It is a process of ordering and
classifying and so of establishing relationships; of formulations,
explanations and hypotheses, through experiments. And so of
understanding our world.

The aim of science is the understanding of laws of nature which
are independent of the human mind, but the human mind itself is a
function of brain cells as well as its spiritual nature.

AsLking questions and solving problems, following the processes
of science, is an intellectual strategy which every learning human be-
ing should adopt. It is one of the most powerful tools in man’s quest

14




Science education in Asia and the Pacific

for understanding, for sharpening his power of reasoning, for devel-
oping the world in which he lives and for enhancing the quality of
Iife.

What is technology?

Technology is the applications of science, and like science itself,
can be traced back to the earliest days when Man first began to adapt
to living in the world.

At the personal and national levels the applications of science—
that is, technology—have developed in various forms over the cen-
turies, from the earliest crude tools of stone age men to the sophisti-
cated personal technology of today and to the even more sophisti-
cated technology of nations. Technology is manifest in the applica-
tions of science to health, nutrition, medicine, sanitation, agriculture,
engineering and in the general creative response of Man to the prob-
lems of his life and his environment.

Of course the applications of science through technology and
industrialization can lead to pollution, depletion of resources and
other environmental damage. This is the area where values and ethics
impinge on science and technology, where personal and social atti-
tudes are all important and where the proper and responsible use of
science and technology is an urgent need for all nations and for all
individuals.
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Introduction

Science and technology education

The need for all citizens—in school or in the community in
general—to have some understanding of science and technology and
their role in society, is the message of this publication. The motto
‘Science for All’ reflects the recognition of science and technology as
being of valu. for the individual, for the community and for society
as a whole. It also reflects the need to democratize science, tc make
science available for all as part of culture and society. A scientifical-
ly informed populace can more easily take part in and support
national and local decision-making which involves technological
change and relate such changes to their own moral and cultural
values. In addition, it provides a wide talent base from whom techni-
cal and scientific specialists may arise. But, above all, science and
technology education means the provision to all individuals, through
national programmes and in other ways, of scientific competencies,
knowledge and skills which will improve their quality of life and
contribute to community, national and economic development.

General educational problems, issues and trends

Population. About 60 per cent of the world’s popnlation—2.8
billion—live in the Asia and Pacific region. By the end of the century
the population of the region will be about 3.5 billion. At present
40 per < nt of the population is under the age of 15 years and the
annual rate of increase of the school-going age group is five times
more than that of the total population. Furthermore, the majority
of people live in rural areas (60-70 per cent).

The implications of all this for the educational systems of the
region are considerable and the problems enormous.

Recent history of educational development in the region. In
most countries the concept of education was—and still is in some
cases ~the preparation of trained manpower with priority given to
secondary and higher levels of education and to formal education
rather than adult or non-formal education.

The consequences have been an increase in the number of illiter-
ates, despite the expansion of the formal system; an increase in the
number of unemployed or underemployed; and a general support
for, in some cases, a small industrial sector based on Western method-
odology, rather than on the much larger traditional craft economy.

iii
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Science education in Asia and the Pacific

Thus, the educational system as a whole has continued to
support or serve the interests of socially and intellectually privileged
groups rather than society in general.

Recent trends and new directions. Among the major trends in

the region are:

a) The move to make primary education universally available
in those countries where, at present, primary education is
not enjoyed by the whole of the primary age group;

b) The emphasis on adult literacy;

c¢) The change in secondary education from an academic edu-
cation for the elite to a general education for all with
greater flexibility in curricula and with more relevance to
local society, including job-oriented curricula and links be-
tween education and work; and

d) Development of non-formal education, based on commu-
nity needs, as complementary to the formal education
system—with links between the two.

Science and technology education within the formal educational
systems

National science policies. Most countries in Asia and Pacific
have national science policies, usually linking scientific and industrial
research and development with economic development and national
goals. In a few countries—Bangladesh, China, India, Japan, Malaysia
and Sri Lanka—the importance of science education is specifically
mentioned in the national science policy. The Republic of Korea
and Japan have a ‘Science education promotion law’, Pakistan has a
National Education Policy specifically concerned with science educa-
tion, and the Philippines is adopting a ‘Science education develop-
ment plan’. In the other countries, the growing recognition of the
importance of science education at all levels is implicit.

Science education at primary level. All countries in the region
have improved their primary education—both qualitatively and quan-
titatively. Science is taught as a core subject in all countries, but not
necessarily from the very first grade.

In some countries science is presented as part of ‘Environmental
studies’ or as ‘General science’ from grade I; in others it is introduced

[MC 17 iv
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Introduction

for the first time from grade III. However, the time available for
science varies considerably from courtry to country.

In every country the objectives of teaching scicnce at this level
are carcfully prescribed. Many such objectives emphasize the need
for primary school children to understand nature, to appreciate the
environment and to develop enquiring minds and process skills. The
content of primary science courses invariably includes topics such as
earth, soil, rocks, the universe, air, water, human body, health and
nutrition, living creatures and natural resources.

This emphasis on the local environment and nature, and on
learning by doing is not always reflected in the time available for
practical activities. In some countries the practical aspects are left
entirely in the hands of the teachers to organize as deemed appro-
priate. In others (e.g. Japan, Malaysia, New Zealand, the Philippines,
the Republic of Korea, Singapore, the Socialist Republic of Viet
Nam, Thailand), a high proportion of time (about 50 per cent or
more) is prescribed for practical science learning activities. Such
activities—in all countries—are usually conducted in the primary
school classrvom and not in a laboratory ; with locally available mate-
rials or with spedially -designed kits of apparatus, usually locally-made
with low-cost cquipment. In some cases use uf the local environment
such as the schoul compound, school garden and village environment
is part of the practical work.

18




Science education in Asia and the Pacific

There are, however, severe constraints operating in almost all
the countries in the region which make the full value of practical
work difficult to achieve. These constraints include shortage of
materials, kits and equipment, large classes, and most serious of all,
untrained or unqualified teachers.

Science education at the secondary level. The changes in secon-
dary education, in general, have been less spectacular than at the
primary level; and in science education the approach at this level, in
most countries is still academic, elitist and subject-oriented.

At lower secondary level—grades VI to VIII-science is usually
now a compulsory core subject and is often taught as an integrated
or general science. In some, however, separate sciences of biology,
chemistry and physics, are offered even at this level (e.g. in India, the
Lao People’s Democratic Republic, Maldives, Mongolia, Socialist
Republic of Viet Nam and the Union of Soviet Socialist Republics).
The time available for science at junior secondary level varies be-
tween 15 per cent and 25-30 per cent.

At the upper secondary level science education is mostly in the
form of separate sciences and in many countries is an optional or
elective course. However, in China, the Lao People’s Democratic
Republic, Mongolia, the Philippines, the Republic of Korea, Thailand,
Socialist Republic of Viet Nam and the Union of Soviet Socialist
Republics, science is compulsory for all students right up to the end
of the secondary stage. Where science is offered as an elective sub-
ject, the time available varies from about 35 per cent to as much as
60 per cent and, in many cases, practical activities can occupy nearly
half the time.

With a few notable exceptions (the Union of Soviet Socialist
Republics and Socialist Republic of Viet Nam for example) where
emphasis is given to work experience, and to the polytechnic
approach within schools, the majority of students still receive secon-
dary science as a traditional orientation for universities and other
forms of higher education. The curricula are not, generally speaking,
relevant to the world of work and to the learner’s social and physical
environment. Technology education is not given sufficient emphasis.

These problems, which exist in the majority of the countries are
recognized by the authorities but so far have not yet been overcome.
This is due in large measure, to the problems of teacher retraining, as
well as in some countries, to the undue influence of national examin-
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Introduction

ations and of tertiary institutions. The attitudes of parents and of
the students themselves, who traditionally believe that an ‘academic’
education is the ‘best’ route for success in life, is another dominant
factor in many countries.

School science equipment and educational technology. The
design, development, production and financial provision of science
equipment continues to be a major constraint in a large number of
countries. Some countries (e.g. Bangladesh, China, India, Lao
People’s Democratic Republic, Nepal, Pakistan, and the Philippines)
report that more than 80 per cent of schools are poorly equipped
or have no equipment at all. These countries, and many others, have
established equipiment centres to help in the design and development
to production stage of locally made equipment. Other countries, of
course, are already able to manufacture most of their school equip-
ment requircments within the state or private enterprises of the
individual country.

Many countries report instances of equipment not being proper-
ly used by the teachers and not properly stored or maintained. In-
deed, repair and maintenance of equipment—and the financial sup-
port that this demands is just not possible in mary systems. This is
where kits of apparatus have been generously supplied by inter-
national or bilateral aid agencies.

The situation regarding educational technology is probably
much worse. Even the simplest of audio-visual aids are lacking in
many countries and provision of the basic ‘software’ is the greatest
problem. With the availability of computer-assisted learning as an
aid to science education many countries are just not able, yet, to
provide the hardware; and, furthermore, the lack of suitable soft-
ware and the necessary expertise to develop software is a greater
constraint.

Nevertheless, there is a gencral recognition among the education
authorities, in all countries, of the importance and relevance of
modern cducational technology and a desire to make full use of such
aids for science education as and when circumstances permit. Austra-
lia, China, Japan, Malaysia, New Zealand, the Philippines, the Re-
public of Korea, Sri Lanka, Singapore and the Union of Soviet
Socialist Republics have reported pilot projects on computer educa-
tion or computer-assisted learning at the secondary level in support
of science education. Micro-computers arc available, at least in some
schools, in these countries.

vii
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Science education in Asia and the Pacific

Teacher training

There is a unanimous opinion in all countries, that the science
teacher occupies a key role in the development of science education
in schools. Equally, it is unanimously agreed that the training, re-
training and continuing education of science teachers are fundamen-
tal for the success of science education programmes.

The qualifications prescribed for science teachers differ from
country to country. In Bangladesh, India, Lao People’s Democratic
Republic, Nepal, Pakistan, Papua New Guinea and Singapore the
science teacher at primary level—invariably a teacher who teaches all
subjects—requires a secondary school certificate plus one or two
years of professional training. In Japan and the Philippines, the
requirement is for graduates of universities or teacher training col-
leges. In the remaining countries the requirements are somewhere
between the two extremes. But in many countries there are many
teachers in primary schools who do not even have the minimum level
of qualification or training.

For secondary science teachers most countries prescribe a uni-
versity degree with professional training; some prescribe a Master’s
degree for teaching grades XI and XII. But again the proportion of
those teaching science who actually have such prescribed qualifica-
tions and training varies from country to country. In some (e.g.
Afghanistan, the Lao People’s Democratic Republic, Nepal, Pakistan
and the Philippines) only 25 per cent have the required qualifications;
in others this rises to 75 per cent or more (India, Indonesia, Iran,
Japan, Malaysia, Maldives, Papua New Guinea, the Republic of Korea,
Singapore and Sri Lanka); whilst in the remaining countries the
proportion of qualified science teachers is nearer to 100 per cent.
The nature and structure of pre-service training programmes in many
colleges and universities have not changed much over the years.
There is considerable scope for improvement in this direction; to
make the training more relevant and more up-to-date.

However, even where the teaching force is largely qualified for
science education the need for in-service or refresher training is very
great, especially as new curricula and new mcthodologies of teaching

science are introduced.

Almost all countries have, in fact, undertaken in-service teacher
training—through a variety of programmes-but the problem of

viii
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Introduction

reaching and retraining the large number of teachers involved is an
enromous one. The variety of programmes in use range from special
in-service centres, both national and local or regional, offering short-
and long-term courses, to the use of radio, TV and Open Universities
for distance education. Some experimental work has been carried
out (for example in the Philippines and Thailand) with in-service re-
training making use of school-college complexes with the retraining
being carried out largely in the individual schools. Radio and TV can
be used in this way also.

Non-formal education programmes and the popularization
of science*

Most countries have programmes or projects for out-of-school
science and technology education, but most of these arc designed to
support the existing school science programme through enrichment
activities, rather than being aimed at the population in general.

Those programmes supporting school science include, in many
countries, science clubs, science fairs, science exhibitions, science
talent searches and olympiad competitions, as well as community
schools based on local crafts and technologies. Community schools,
in countries such as Papua New Guinea and Bangladesh, provide
courses on agriculture, housing, elementary mechanics, food prep-
aration, knitting and embroidery and also uffer extension courses
out-of-school for the local community.

* ROEAP. Bulletin of the Unesco Regional Office for Educadon in Asia and
Pacific. Out-of-school science education in Asia and the Pacific, Special
Issue, December 1982,

ix
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Countries such as China and India, with large populations and
limited resources for formal education have established a large num-
ber of non-formal education centres to provide education, including
science education, for out-of-school youths. Field centres have been
established in Sri Lanka.

For the popularization of science and the development of sci-
ence education programmes for adults the position within the Asia
and the Pacific region is not well defined and, in many countries, not
well organized, structured, or financed.

The radio, TV, films and the press are of course, used to report
scientific events and in most countries these mass media carry science
education programmes or articles, but their availability is limited.

In some countries, with vast areas, the mass media are used to
reach students who are unable to participate in formal schooling—in
Australia, India, Japan and New Zealand for instance. However, the
extent and coverage varies considerably on the public availability of
radio and TV receivers and on the distribution of papers and journals.

Shortage of qualified personnel or specialists to prepare and
present programmes on radio and TV and to write articles in news-
papers and magazines is another constraint.

Another trend for popularization of science is the establishment
of Science Museums or Science Centres. Such centres are often
located only in major cities and are thus only available to those who
have access to such cities. However, in India, for example, travelling
or mobile science museums are available for specific regions. In
China, Children’s Palaces have been established in many centres to
provide resource units for children to visit and participate in activi-
ties. Indeed the trend for the more recently established science
centres is for ‘hands-on’ types of exhibits which capture the imagina-
tion of young and old alike and stimulate a sense of curiosity.
Australia, India, Japan, New Zealand, the Republic of Korea, Singa-
pore and Thailand 1eport encouraging resalts in this direction.

innovations

The next section, which makes up the major part of this publi-
cation, gives a country-by-country account of the state of science
education and its development. Most of these accounts also contain
references to current research in science education and innovation.

X
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However, the following notes comprise special highlights—not neces- |
sarily recent innovations—which have been extracted as being of
special interest.

Afghanistan. Massive investment in science and technology for
industrial growth. Also investment in in-service training of teachers
to provide for one year of retraining every five years for all teachers.

Australia. School-based curriculum development—not centrally
determined. No practical examinations but practical activity is given
empbhasis in the science curricula.

Bangladesh. Establishment of community schools as part of the
secondary school system. These schools to be controlled by the
government, whereas the majority of secondary schools are in the
non-government sector, although receiving government subsidies.

China. Emphasis on out-of-school science with the establish-
ment of Childrens’ Palaces and the National Group for Youngsters’
Scientific Activities as part of the China Association of Science and
Technology.

India. Wide variety of out-of-school science activities organized
by individual states and by central Government.

Indonesia. Science education related to life, but mairly at the
elementary levels.

Iran. Students in high schools are expected to devote six hours
per week working in the labour market.

Japan. Legislation for science education is provided in a Sci-
ence Education Law. Emphasis on the love of living things.

Lao People’s Democratic Republic. Emphasis on providing
qualified science teachers through programmes to attract youth into
teaching. Also relationship between education and work is empha-
sized throughout the curriculum.

Malaysia. Well structured curriculum development centre with
vngouing programmes of revision and backed up by well organized
research projects in science- education.

Maldives. External influence of the London GCE examinations
still prevails and thus determines the teaching at lower and upper
secondary levels.
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Mongolia. A five years retraining course provides for salary in-
creases of 10-15 per cent.

Nepal. The process of curriculum development has been enun-
ciated clearly in a policy statement. Major new initiatives through a
national science education centre are being developed.

New Zealand. Stability of syllabuses—over 20-25 years—and
little interest in social concerns.

Pakistan. Proposals for the establishment of a national science
education centre.

Papua New Guinea. The new system and syllabuses place much
emphasis on local social and environmental conditions and on child-
centred activities.

Philippines. The social implications of science are given due
prominence in the secondary school syllabuses, (e.g. colloids in
chemistry are related to paints, mayonnaise, milk, soap, cheese, fruit
jellies).

Republic of Korea. Emphasis on practical work and on links
between school and industry.

Singapore. Specialization, streaming and express streams are
introduced as part of the New Education System. Science is now an
examinable subject in the primary school leaving examination.

Microcomputers have been made available to all schools.

In-service training is now school-based (on-service) as well as
institution based.

The Annual Youth Science Fortnight attracts 100,000 students.

Socialist Republic of Viet Nam. Teachers of science are encour-
aged and expected to make their own teaching aids and equipment.
The curricula emphasize the theoretical base of science.

Sri Lanka. The process and organization of curriculum develop-
ment are well established and effective. A system of ‘master teachers
is used for in-service training at the district level.

Field Studies Centres have been established to assist with out-
of-school science education.

Thailand. The comitment by Government to science education
has been strengthened-financially and organizationally—by the

xii
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Introduction

success of the Institute for the Promotion of Teaching Science and
Technology (IPST) and its 36 regional centres, recently established.

Turkey. The centralized science education equipment centre
with manufacturing capacity h.s provided all schools with science
apparatus in kits or individual items for many years. More than 700
persons are emplcyed in this Educational Instrument Production
Centre.

Union of Soviet Socialist Republics. Polytechnic education is
the main feature of this system, which provides science education
and technical/vocational training related to work experience, within
the school system.

Comparative tables and figures

The following tables and figures provide a summary in visual
form of some comparisons among the countries cf the Asia and
Pacific region regarding the organization of the science curricula, the
qualifications of science teachers, the allocation of time for practical
activities, the availability of science equipment and the availability
of mass media. O
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Table 1. Organization of Science Teaching

Country Class fg‘l:_:;:t?{ln
1|2|s{4]5|6]7|8]9[r0j11f12 13°P1“°'!:1°'

Afghanistan (AFG) LC—NSH) cssi—1— Comp
Australia (AUS) C—GS/ES —{[-E-SS4
Bangladesh (BGD) : ctEest—i—-clcst——i| E4ss 33%
China (CPR) . cts ) cts 4 | Comp
India (IND) —-clEslcs—h—G—s$—| C+Sq E{-S§ | no data
Indonesia (INS) +C EB —i[— ¢~ GS <i-C + Gy —HE 554 no data
Iran (IRA) | ctis—{—¢—gs—t+ES§—{ | 40%
Japan (JPN) + d -GS |-G GB——i| E + S§ 30%
Lao (LAO) | 1sé—-C 1 Ssf—C-85— Comp
Malaysia (MAL) : 4 —BS ——{l— q—19—|C-GS/S$ E1SS| 45%
Maldives (MDV) -C—ESHI— C 1 CS jC-s$ EHS/BS 60%
Mongolia (MON) ' C+S { Comp
Nepal (NEP) +—{-C |GStBedithd E}-ss| no data
New Zealand (NZE) C-4GS {-CHIS{-E| ISJSS | 60%
Pakistan (PAK) — CGS+—r—g—-GS— E+ S§—i 40%
Papua New Guinea (PNG} C-GS +—1 G IS1+—I|0-GS/SH no data
Philippines (PHI) b= Cl-ISttHeplth{ C-GS I C~5S— Comp
Rep. of Korea (ROK) |t C-1S —{/I—C-C§ —i- Cr-SS|— Comp
Singapore (SIN) —LG -G%—4 clcs odcsfssk-s§ | 48%

ISoc.Rep. of Viet Nam (VIE GS|t—{C ~pS -+—ilI—1 C—BSH Comp
Sri Lanka (SRL) } C—ES |t C—{5S+—|E-8S 25%
Thailand (THA) : c-1s ——clisl— ois/$s no data |
Turkey (TUR) t— G—EB —{{-C+GSI-C+GS 1—-CICS [BS 4 Comp
USSR (USR) -CIS it C-8S 4 Comp

GS — General Science CS — Combined Science

ES — Environmental Studies NS — Nature Study

IS — Integrated Science C — Compulsory

SS — Separate Subjects: physics, E — Elective

chemistry, biology, etc. O — Optional
Xiv
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Table 2. Percentage of science teachers possessing
required qualifications
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Table 3. Time allocation for science activitizs, practical/laboratory
work as per cent of total time allotment for science
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Table 4. General situation with science equipment/teaching aids
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Table 5. Science equipment produced locally (%)
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Table 6. Availability of mass media
Daily newspapers
per 1,000 inhabitants
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AFGHANISTAN

The Democratic Republic of Afghanistan lies in the heart of
Asia, occupying an area of approximately 647,500 square kilometres.
The country is, in the main, a highland mass lying mostly at an alti-
tude of 1,200 metres or more, and is divided into two geographical
areas comprising the valleys of the north which are fertile and the
rocky southern section, partly forested and rich in timber.

For administrative reasons, the country is divided into 29 pro-
vinces, each with an appointed provincial centre. Kabul, as the
capital, is by far the largest cultural, social and commercial centre
with a population of about one million. The population of the coun-
try is estimated at 15.2 million (1979). Of the total population, 90
per cent live in rural areas. The average birth rate is 50.5 per thou-
sand and the death rate is 26.5 per thousand, and the annual growth
rate is estimated at 2.3 per cent. There are several languages spoken
in the country but Pashto and Dari are the most widely used, both
stemming from Indo-European languages.

General education

All educational institutions are organized, supervised and direct-
ed by the government. The Ministry of Education has the responsi-
bility for implementing the strategies of the government rclated to
educational development within the overall plan for socio-economic
development.

Formal education is promoted by 3,370 primary and village
schools, 140 intermediate schools, 200 lycees (high schools) and 25
vocational schools. There are also two universities, one polytechnic
and several other institutes of higher learning. Compulsory and free
primary education for all school-age children and expansion of free
intermediate, higher and vocational education are priority develop-
ments.
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Attempts have been made since the Saur Revolution (27 April
1978) to raise the quality of education for which purpose the
Ministry of Education has begun the renewal and systematic review
of curricula and instructional materials. Efforts have been intensified
to train teachers to meet the needs of the country, particularly in the
elimination of illiteracy.

Attempts have also been made to improve the manpower situa-
tion particularly in science and technology and the integration of
science and technology into national plans for social and economic
development of the country.

The period of schooling for primary and secondary education
has been reduced from 12 to 10 years as follows:

a) Primary school (grades I-IV);

b) Incomplete middle school (grades V-VIII); and

c) Complete middle school (grades IX-X).

The last classes of secondary education (complete middle
school, grades IX-X) are divided into social and natural science
streams. Graduates from the sscondary level attend vocational and
higher education institutions for further training.

The informal education programme is conducted by nursery
schools, the adult education programme, religious education, literacy
education, home education, and private education.

Government educational organizations
1. The Compilation and Translation Department

The Compilation and Translation Department of the Ministry of
Education is concerned with the curricula of all subjects for the
whole country and with the provision of textbooks and teachers’
guides for all schools in Afghanistan. It has sections for biology,
chemistry, physics and mathematics, language arts, research, arts and
practical work, theology, editors, geography, history, and sociology.

2. Institute for Spectalization of Teachers

The Institute for Specialization of Teachers is an academic and
training organization for upgrading the professional level of teachers.
It is also responsible for innovation in the arca of planning, program-

2

33




Afghanistan

ming and curriculum development, and in providing new and progres-
sive methods of teaching and the preparation of textbooks.

The Institute organizes seminars and workshops and provides
lectures and field trips. It is intended that these in-service training
courses will be available on such a scale that teachers and other edu-
cational persornel can attend on the basis of one year in every five
years.

3. The Science Centre

The Science Centre, which has recently been merged with the
Institute for Specialization of Teachers, was established in 1970
within the organizational structure of the Ministry of Education. The
main function of this centre is to strengthen natural science and
mathematics education in the school system. Experienced teachers
are appointed as supervisors and simple kits for natural sciences ex-
periments developed from local, inexpensive material. Supervisors
help teachers in various disciplines on the theoretical and pedagogical
value of the new experimental facilities.

The centre produces teaching aids from local, inexpensive
material, maintains existing laboratories in educational institutions,
gives on-the-job training to centre staff through international exper-
tise and through scholarships and fellowships, and co-operates with
the educational programmes for radio and television.

Structure of science education

Since 1978 the science curriculum has been restructured by
national and foreign experts working in the Compilation Department
of the Ministry of Education. In the new syllabuses every effort has
been made to meet the goals and functions of the Revolutionary
Government, the broad aims of science education, the needs of the
pupils, and the needs of society.

Science is not taught in grades I and II as a specific subject, but
part of science is combined with health and environment and is
taught along with other subjects. In grades III and IV science is
taught as a specific subject. After grade IV the science syllabuses are
presented as separate disciplines. The following table shows the
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different science disciplines with the number of periods per week
and per year.

Time allocation for each science discipline

No. of periods No. of periods

Subject Grade level per week per school year
Nature study HI-IV 2 64
Biology V-X 2 64
Physics VI-X 3 average 96 average
Chemistry VII-X 2 average 64 average

(8 in grade X) (96 in grade X)
Objectives

The general objectives of science education in Afghanistan are
the acquisition of knowledge, intellectual skills and values in the
following areas:

1. Conservation and development of natural resources;

2. Science and technology and their effect on the economic
system and the quality of life;

3. Safety and protection procedures in school, the home, the
community and the nation;

4. Interpersonal relations;

5. Health, body-care and physical development of individuals;
and

6. Physical and biological environment.

Science education programmes

The newly structured curricula are replacing general science at
grades IV-VI, and chemistry, physics and biology at grades VII-XII.

The science curriculum materials are developed by: (a) studying
the old curricula and instructional materials; (b) developing new
curricula for different science subjects; (c) developing textbooks and
teachers’ guides; (d) trial testing in pilot schools; (e) evaluating the
materials; (f) collecting feedback; (g) revising and reviewing; (h) ap-
proval by the professional committee members; (i) final approval of
the Ministry; and (j) printing and distribution.

4
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In addition to covering a much wider range of subjects than
hitherto, the new curricula for science subjects attempt to change the
rote-memory method presently employed to one involving children
in their own learning experience of science subjects. Consequently,
there arc many activities and experiments suggested for children and
for teachers and many questions asked of students to stimulate their
thinking. In addition, kits for nature study, chemistry, biology and
physics are being devised through collaboration between the curricu-
lum teams and staff of the National Science Centre and the Audio-
Visual Institute.

The materials have so far been enthusiasticaily received,
especially by the children. The nature study texts for grades III and
IV and thc biology text and teacher’s guide for grade V were printed
and distributed first. The remaining materials for biology, chemistry
and physics are being progressively developed for grades VI to IX.
Trials, revision and writing are continuing.

The new curriculum and instructional materials are prepared on
the basis of the child’s environment, because it is obvious that many
of the more interesting aspects of a child’s environment are scientific
in nature. This is particularly true in this modern technological
world. It is expected that with the effective implementation of these
new science curriculum and instructional materials the future genera-
tion of young people will develop desirable talents, skills and values
which will be conducive to the further development of the country.

Students science textbooks. The students’ textbooks have been
prepared in such a way that cach lesson requires the students to per-
form at least one experiment related to their environment. The ex-
periment cannot be well performed until the teacher has read the
rclated part of the teacher’s guide carefully. The teacher is first re-
quired to master the lesson and related experiments, then to offer
the material to the pupils, making use of environmental material and
equipment and teaching in a cognitive way.

In cach lesson the students arc expected to solve questions or
perform activities. These comprise activities that the teacher can ex-
plain to the students; questions that the teacher will discuss with the
students; and questions or cxperiments that the teacher gives as
homework for the students.

[&1]
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The creative teacher is encouraged to go beyond the textbook
and enrich the pupils’ experiences by clarifying the lesson, develop-
ing extra questions and preparing similar experiments for the
students to perform and further develop their creativity and under-
standing. Thus, opportunities are provided for the student under the
leadership of the teacher to discuss daily life problems and to find
solutions for these problems.

Teachers’ guides. Each lesson in the teachers’ guide is set out in
the following manner:

a) Additional information. Teachers are provided with addi-
tional information, alternative methods of teaching and use-
ful experiments. Teachers are asked to read this section care-
fully before teaching the lesson.

b)4im of the lesson. The purpose of the lesson is clearly
stated.

c) Materials needed. The use of locally available materials and
their relation to the environment are described.

d) Rehearsal. In order that the teacher teaches the concepts of
a particular lesson properly to the students, the need to re-
hearse the lesson is emphasized.

¢) Working procedure. Under this title, activities and experi-
ments which are considered suitable for teaching the lesson
are explained step by step.

f) Evaluation. This section suggests how to determine the suc-
cess of each lesson by discussing the questions at the end of
each topic or lesson with the students.

g) Homework. This part suggests the homework assignment to
be given to the students.

Implementation. During the implementation of the new text-
books and programmes, it is recognized that all schools throughout
the country will not be able to implement the revised curriculum and
the accompanying instructional materials at the same pace. Itis ex-
pected, however, that the schools will move as rapidly as circumstan-
ces and conditions permit toward this implementation.
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Teacher training

Pre-service teacher training. Institutions concerned with train-
ing teachers are the Ped:gogical Academy which trains teachers at
the levels of Bachelors and Masters Degrees and is alsu responsible for
training teachers for: (a) institutes of teacher training, (b) primary
schools, and (c) kindergartens; institutes of teacher training in the
capital and provinces; universities which train teachers for high
schools; and the national campaign against illiteracy whi:h trains
grade XII school-leavers through special programmes.

In-service teacher training. Teacher training institute graduates
and unqualified teachers are assisted to upgrade and update their
science knowledge and skills through workshops and seminars organ-
ized by the Ministry of Education, with the help of experts and other
professionals. These workshops and seminars, some of which are
sponsored by UNICEF, are supervised by the Departments of Compi-
lation and Translation and the Institute for Specialization of
Teachers in the capital and provinces. During the seminars, in-service
training is given on textbooks, different methods of teaching, use of
locally-available materials and the evaluation of pupils.

Problems

In introducing and implementing the science programmes, the
Ministry of Education is facing the following difficulties:

1. Few school buildings. According to the 1977 statistics from
the Planning Department of the Ministry of Education,
almost half of the schools in the country do not have build-
ings.

. Shortage of furniture and materials. Most of the primary and
secondary schools are facing shortages of desks, chairs, text-
books, libraries, laboratories and sports fields.

N

3. Delay in the preparation of texts and teachers’ guides. Text-
books and teachers guides constitute the main teaching aids
in education. For the preparation of textbooks and teachers’
guides the following problems arise:

a) Lack of adequately trained personnel to compile text-
books and teachers’ guides for the science subjects;
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b) Lack of proper dictionaries for scientific terminology in
the National languages;

c) Shortage of reference materials;

d) Shortage of laboratory equipment for curriculum devel-
opers;

e) Finarcial difficulties; and

f) Shortage of means and materials for printing.

4, Lack of suitably qualified trained teachers.

5. Lack of trained science supervisors and a proper supervision
system. 0
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AUSTRALIA

The settlement of modern Australia commenced in the late
1700s as a series of colonies of England, located at various parts on
the coast. The colonies gradually developed into ..x separate States,
which combined in 1901 as a fedcration called the Commonwealth of
Australia. Today, Australia consists of six States and two Territories,
with a total population of about 15 million.

Educationin Australia is the responsibility of these eight ‘States’
(that is, six States and two Territories). There is also a Department
of Education and Youth Affairs at the national level, and national
statutory authorities such as the Schools Commission.

Although education is the constitutional responsibility of the
States, the constitution also permits the Commonwealth to make
special grants to the St-‘es, and to determine the uses to which the
giants may be applied. This has enabled the Government to enter the
field of education in special areas. The special grant of greatest relev-
ance to science education was a programme to build science laberato-
ries at secondary schools. From 1964 to 1975 a total of about
$A 120 million* was spent on this programme.

As a result of the federal structure of Australian education,
there is no official national policy for science education, nor at this
stage, is there any official statement derived from a consensus of the
views of the separate State Education Departments. The only current
statement which reflects an Australia-wide consensus is that develop-
ed by the Australian Science Teachers Association. This provides:

a) a statement about the tasic premises and assumptions con-
cerning the place of science in the school curriculum;

b) a statemen: of the aims of science education; and

c) a set of recommendations for the disign of science courses
at the primary, lower secondary and ipper secondary levels.

* Approximately 1.05 Australian dollars ($§A) = O .e JS dollar
9
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Although there is no national policy statement on the role of
education in achieving national goals, there has been considerable
debate about what constitutes a core curriculum for Australian
schools. The Curriculum Development Centre (CDC) has produced
a document, Core curriculum for .1ustralian schools, which ascribes a
unique role to science within the total school curriculum, in terms of
understanding the environemnt and problem-solving in practical sit-
uations in the everyday life of individuals and society. The CDC
document also contains implications for science education in the
areas of ‘environmental studies’ and ‘health education’.

There are no national policies dealing with science education for
out-of-school youth or adults, or for the popularization of science
and technology issues.

Each State has a system of government primary and secondary
schools which cater for about 75 per cent of the students in the
State. There are also parallel non-government systems, usually affi-
liated with religious denominations. About 20 per cent of the
students attend catholic schools, and about 5 per cent attend other
non-government non-catholic schools.

Attendance at school is compulsory for persons between the
ages of 6 years and 15 years. The primary school system covers year
levels (grade levels) up to Year 7 or Year 8. The secondary system
goes to Year 12.

External examinations exist at Year 12 in all States except
Queensland and the Australian Capital Territory. In Queensland and
the Australian Capital T-:ritory, school assessments are moderated
against an aptitude test which is not based on a prescribed syllabus.
The other States have adopted a system of increasing the amount of
teacher assessment in the final year. This teacher assessment is mod-
erated against a State external examination for each subject. The
tcacher assessment usually contributes about 30 per cent to the final
score at the end of Year 12.

At levels below Year 12, external examinations have been elim-
inated. In the majority of States this has resulted in the schools and
teachers being responsible for curriculum development and the as-
sessment of student performance.

10
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Students generally proceed from a primary school to a second-
ary school within their own locality. Primary schools and secondary
schools are usually separate institutions. In Tasmania and the
Australian Capital Territory the final two years of secondary school-
ing in the government system are provided at separate colleges.

The majoiit, of government schools are co-educational. In :he
non-government sector, most of the students are in single-sex schools
but since 1970 there has been a move towards co-education.

Science education in schools

Science has usually been taught (as general or integrated science)
from Year 1 to Year 10, inclusive, to all students. However, many of
the State systems have mcved towards school-based curriculum devel-
opment. This allows schools to define the core or compulsory sub-
jects, and the class-time allocated to these subjects. Some schools
make science an ‘elective’ subject, while other schools make the
study of scie~ce compulsory for all students up to Year 10.

At the Year 11 and Year 12 levels the separate science subjects
of biology, chemistry and physics are taught by specialist science
teachers. Geology, human physiology, environmental science, human
biology and physical science (chemistry plus physics) are also offered
in various States.

The relative extent to which separate science subjects are stud-
ied at Year 12 is shown in Table 1.

Table 1. Approximate percentage of Year 12 enrolment
taking science (1980)

Biology = Chemistry  Physics Geology / Earth science

States % % % %
New South Wales 49 30 28 4
Victoria 6 31 25
Queensland 61 36 29 4
South Australia 58 29 30 17
Western Australia 60 38 34 2

Tasmania 70 38 34 18
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The general pattern is that biology is studied by most students,
with chemistry and physics each studied by about one-third of the
Year 12 students. Most of the students in the latter group would
study both chemistry and physics. A small percentage of students
study geology.

The percentage of students studying the physical sciences has
decreased since 1970. In some States the absolute enrolments in
chemistry and physics have declined. On the other hand, the partici-
pation rates for biology are much higher than in 1970.

A study of the enrolment statistics for males and females in
science subjects indicates that almost three times as many males as
females do physics and chemistry. However biology attracts almost
twice as many females as males. At present there are various initia-
tives being taken, designed to increase the participation in science
subjects of students at Year 11 and Year 12.

No clear picture is currently available across Australia of the
amount of time spent on teaching science at each year level although
the Second International Evaluation and Assessment (IEA) Science
Study (for which data were collected in 1983) will provide informa-
tion in this area. A preliminary estimate would indicate:

a) Primary level—about 1 hour per week;
b) Lower secondary level—about 3 hours per weex; and

c) Upper secondary level—about 4 hours per week for each
science subject.

As a function of the move toward school-based curriculum de-
velopment at the primary and lower secondary levels, there is now
considerable variability across schools and States in the mean class-
time per week spent on the teaching of science.

Curriculum development in science

In order to provide an oveiall picture of the science curriculum,
the following Table 2 is presented, which is an initial attempt to cate-
gorize the method of decision-making.
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Table 2. Decisions about science curriculum in Australian states

Lower Upper
States Primary secondary secondary
Australian Capital Territory S S S
New South Wales S S P
Victoria S S/T P/S
Queensland G G P/G
South Australia G S P/S
Western Australia G P P
Tasmania G S P
Northern Territory G G P

Key: G = course guidelines distributed by State Education
Departments or statutory bodies

P = course/syllabus prescribed by State Education
Departments or statutory bodies

S = course prepared at the school level

T = course prepared by individual class teachers within
the school

Primary level. The earliest type of science introduced into pri-
mary schools was ‘nature study’ involving the identification and
observation of the wide range of plants and animals indigenous to
Australia. Over the last decade there have been numerous attempts
to widen the scope of the science taught at the primary level.

Each State has a curriculum section attached to the Education
Department. These sections prepare guidelines and suggestions for
the primary science curriculum, but the decisions about the curricu-
lum and the time allocation for science are made at the school level
in most States. Individual teachers are responsible for tic assessment
of their students. The curriculum sections of the Education Depart-
ments may provide support services to assist primary teachers to
develop science curricula, but resources for these services are current-
ly limited.

The curriculum statements in each State are prepared by staff
of the curriculum sections of the Education Departments. These

13

ERIC 44

Aruitoxt provided by Eic:




Science education in countries of the region

statements represent the considerable efforts by the States to im-
prove science teaching in primary schools since 1970. However,
there is still much work to be done to train teachers to teach the new
science curricula.

Science in the primary school is usually taught by the students’
normal class teacher. However, science is not a strong feature of the
primary school curriculum in Australia, and does not play a large part
in the total school curriculum.

The present emphasis in the primary science curriculum is on
the processes of science rather than on knowledge of specific content
areas and textbooks are rarely used.

Lower secondary level. During the last decade responsibility for
curriculum development in science has tended to shift from the curri-
culum sections of the State Education Departments to the individual
schools. This has enabled increased flexibility and diversity at the
school level, but at the same time has greatly increased the demands
on teachers.

The amount of science taught in secondary schools is about
three hours per week, although there is much variation both within
and between States. Integrated science is usually taught at this level,
since it is not until Year 11 that students specialize in the separate
science disciplines (biology, chemistry, physics, geology).

More than 95 per cent of students study science at the lower
secondary level. The science curricula emphasize both content and
process areas. Many schools are using materials produced by the
Australian Science Education Project (ASEP). Teachers are also using
a variety of textbooks for the selection of materiai required to cover
their curriculum.

With secondary schools there is usually a separate science de-
partment organized by a head of department. This person is respon-
sible for the following areas:

a) providing assistance and training to less-experienced staff;

b) supervising the development of curricula, the teaching of
science, and assessment procedures;

c) organizing the work of the laboratory assistants; and
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d) ordering the equipment and chemicals required for teaching
science

The materials prepared by ASEP are based on activity and en-
quiry. They are designed to cater for individual differences allowing
for the students’ developmental stages, based on three ability levels
from Piaget’s stages of intellectual development: the concrete, pre-
formal and formal stages.

This national curriculum project was funded jointly by the
Commonwealth and States of Australia, and the materials were de-
signed for students in Years 7 to 10.

There are also many textbooks designed for science students at
the lower secondary level. A comprehensive list of materials used at
the lower secondary level has been produced by the Curriculum De-
velopment Centre.

Under the influence of ASEP, there has been a strong move,
since 1970, from content-based lower secondary science to an ap-
proach based on student interest and on a social orientation to the
study of science.

Upper secondary level. At the upper secondary level the univer-
sities and other tertiary institutions continue to influence both the
curriculum and assessment procedures, although their power has con-
siderably diminished during the past two decades.

The curriculum is devised by the examination bodies in each
State. In most States, student performance is assessed by an external
examination at the end of Year 12,

a) Upper secondary level biology. During the 1970s there was
strong growth in the teaching of biology. The main initiative was
taken by the Australian Academy of Science which sponsored the
preparation of the textbook, The web of life, and associated mater-
ials. The textbook was an adaptation of materials from the United
States Biological Sciences Curriculum Study. The textbook has been
adopted in several States.

b) Upper secondary level chemistry. Chemistry teaching has
been strongly influenced by curriculum developments in the United
States. During the 1970s, the Chemical Ecucation Materials Study
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(CHEM Study) was adopted in four States. The situation in Victoria
is different in that the committee responsible for the curriculum has
also undertaken the development ol textbooks. The committee’s
recent publication. Chemistry —key to the earth, attempts to make
chemistry more relevant to the future everyday needs of students.

The Australian Academy of Science has also been involved in
the development of materials for senior chemistry courses. At this
stage a recommended course of study has been produced, and the
writing of a textbook for the course is underway.

c) Upper secondary level physics. There have only been minor
developments in the physics curricula over the last decade. Most
Australian courses have been largely influenced by courses in the
United States, especially PSSC Physics and Harvard Project Physics.

d) Upper secondary level geclogy. Geology (or earth science) is
offered at the Year 12 level in most States. In New South Wales,
Queensland, and Western Australia, fewer than 5 per cent of the Year
12 population study this subject. The subject is more popular in
Tasmania and South Australia.

The Australian Academy of Science has begun to produce
materials for this subject at the Year 12 level.

Science activities/laboratory work and equipment

All statements about science curricula in Australia emphasize
the important role of laboratory work and activities. However, no
information is available about the amount of time actually devoted
by teachers to this part of the curriculum. The Second IEA Science
Study will provide data in this area.

Practical and laboratory work is generally not an examinable
part of the curriculum, although students studying for external ex-
aminations at Year 12 may need to provide evidence that they have
carried out practical work.

Following the extensive funding by the Commonwealth Govern-
ment for science laburatories and equipment during the period 1964-
1975, most secondary schools are well equipped to enable students
to undertake laboratory activities. However, few primary schools
would have raums equipped specially for science activities. Materials
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for school sciences are available from both Australian and overseas
manufacturers. Some States, such as Tasmania, have set up centres
for the maintenance and production of science equipment.

Educational technology

Most schools have an extensive range of educational technology
equipment, often managed through the school library-resource cen-
tre. Equipment would typically include overhead projectors, 35mm
slide projectors, 16mm movie projectors and video recording and
production equipment. Science teachers would use this equipment
where appropriate to the topics being taught.

Most secondary schools have at least one microcomputer or
access, via terminals, to larger computers. The use of computers in
science education is increasing rapidly, but it is probably too soon to
make generalizations about patterns of usage. Some primary schools
have microcomputers but little use is made of them in science, so far.

Teacher training

1. The pre-service training of primary teachers is usually con-
ducted in tertiary institutions set up for the sole purpose of training
primary teachers. The usual course is of threc years duration. Al-
though there is no strong emphasis on science, some extra training in
the teaching of science is available to those selecting this area as their
speciality. Nevertheless, the science background of most primary
teachers is weak, especially in areas of physical science.

Each State conducts in-service activities to assist primary teach-
ers to improve their ability to teach science, but this in-service train-
ing must compete for the time of teachers and the resources of the
system with other subjects, especially language and mathematics.

Within each primary school there is usually one teacher with the
special task of co-ordinating the teaching of science, and this may
lead to some in-service training at the level of the individual school.

2. Science at the lower secondary school level is usually taught
by a specialist science teacher. The pre-service training ol these sec-
ondary science teachers usualiy involves an initial Bachelor ol Science
(B.Sc.) degree or similar course of three to four years followed by a
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Diploma of Education course of one year. There are also several
institutions which integrate the science content and pedagogy com-
ponents into a combined four-year course.

3. Teachers are usually trained to teach the specific science sub-
jects (biology, chemistry, physics or geology) which are offered at
the upper secondary school level. They may also elect to study the
teaching of mathematics as an additional subject.

In addition to the pre-service training, science teachers are given
the opportunity for in-service activities. These activities are usually
organized by curriculum sections of the State Education Departments,
by science teachers’ associations or by tertiary institutions.

Most science teaching at the secondary school level takes place
in rooms or laboratories designed specifically for the purpose. Most
schools have laboratory assistants or technicians to assist in the prep-
aration of equipment for lessons. In some schools, students use text-
books for science which cover the entire course for a year. In other
schools the students use printed materials on a modulac basis, where
each module covers one topic. The materials for a given course may
then be selected from several sources, including the ASEP modular
materials. Other schools may make no use of printed materials. All
schools have library facilities which include materials for science
which can be used to supplement textbook materials.

Research

There is a strong emphasis on research in science and mathem-
atics education. The Austral’an Science Education Research Associa-
tion conducts an annual meeting, and the papers are produced in the
annual volume, Research in science education.

Australia is participating in the Second IEA Science Study
under the auspices of the International Association for the Evalua-
tion of Educational Achievement (IEA). Data were collected in 1983
from Australia wide samples of students at: (a) the ten-year old level;
(b) the 14-year old level; and (c) the Year 12 level. Results, to be
published from 1985 onwards, will give a current picture across
Australia of science curricula, characteristics of students and their
science teachers, and the achievement and attitudes of the students.
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The Second IEA Science Study is being conducted and co-
ordinated in Australia by the Australian Council for Educational Re-
search (ACER). Other institutions engaged in research on science
education include the research and curriculum sections of the State
Education Departments and tertiary institutions (such as Universities
and Colleges of Advanced Education) involved in training teachers,
including science teachers.

Out-of-school programme

Formal education. For the school-age population, most States
provide a range of science-related facilities. Many schools organize
excursions for groups of students tc visit and use these facilities. In
most cases, the educational roles of the facilities are supported by ihe
State Education Departments. This usually involves the secondment
of a teacher to develop curriculum materials which will enhance the
educational value of the visits made by groups of students. Most of
the facilities are also available outside school hours, especially at
week-ends, for use by the general public, including school students
following their individual areas of interest.

Hewever, it should be noted that most of the facilities are
located in metropolitan areas, so that they are not accessible to the
same extent to students from non-metropolitan areas.

The facilities include activity centres, with a wide range of
‘hands-on’ activities designed to stimulate interest, particularly in the
physical sciences, and environmental studies areas, specially designed
to stimulate interest in geology and ecology. The ‘Questacon’ in
Canberra and the CSIRO centre in Clayton, Victoria are the best
known examples of activity centres.

Many States also support the activities of the Gould League,
which is set up to encourage environmental education. When found-
ed, the emphasis of the Gould League was on the study of natural
flora and fauna, but the current trend is to take a broader view of
environmental education. The Gould League generally exerts its in-
fluence by means of publications, and clubs at the primary school
level.

Another area of out-of-school science education for school
students is the Science Talent Search, conducted in most States by
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the Science Teachers Association. The Science Talent Search usually
culminates in an exhibition of projects associated with the presenta-
tion of awards to the prize-winning students.

During school hours, the Australian Broadcasting Corporation
(ABC), and to a lesser extent the commercial (non-government) radio
and television companies, present a range of programmes for students,
including scicnce programmes. Some programmes are specifically
linked to the curricula, while others are designed to stimulate stu-
dents or provide a range of background information for which the
broadcast media are especially suited.

Non-formal education. For those outside the formal education
system, the best-known activities are the radio programmes produced
by the ABC dealing with general scientific topics, health, and reviews
of new scientific books and the science-related programmes of the
government (ABC) and commercial (non-government) television
channels.

A relatively high proportion of Australians purchase, and pre-
sumably read, newspapers, magazines and books. Matters of scienti-
fic interest are regularly reported in newspapers, and some news-
papers have reporters or editors specializing in the science/technology
area. However, there are few articles designed primarily for instruc-
tion or information.

Among the wide range of magazines available, there are several
dealing with science and technology, especially in electronics and
computing. Most Australian towns and suburbs have public lending
libraries, and there is a strong emphasis on building adequate stocks of
non-fiction literature, including books and magazines on science and
technology topics.

The States also have provision for ‘adult education’ in a general
sense, with courses to cover a wide range of topics, including science
and technology. The courses do not lead to the award of formal cer-
tificates and the system is very flexible, being strongly responsive to
the perceived and expressed interests of the ‘students’.
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Current innovations

Those involved in science education—in schools, in curriculum
development, in teacher training institutions are constantly engaged
in the assessment and development of their activities.

One innovation that should ultimately have a major effect on
the teaching of science is the development, at the national level,
under the auspices of the Schools Commission, of computer educa-
tion in Australian primary and secondary schools. At present no de-
tailed plans tor the organization or funding of this innovation have
been released, but attention will certainly be devoted to the develop-
ment of high quality educational software and to the training of
teachers. 0
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Education is acknowledged to play a vital role as an instrument
for development and change. Bangladesh is in the process of recast-
ing the system of education to link it more with national develop-
ment and the improvement of the quality of life.

In this age of science and technology there is an increasing
demand for skilled manpower relevant to the development needs of
the country. It is obvious that more and better education in science
and technology has to be devised. Thus, there is a keen awareness of
the need to improve the quality of science teaching and learning at
all levels of school education; to expand the facilities of science edu-
cation beyond the school; and to make it available to an increasing
number of out-of-school youths and adults.

Structure of school education

School education is divided in four stages:

a) Primary stage from grade I to grade V (5+ to 10 years);

b) Junior secondary stage from grades VI to VIII (10+ to 13

years);

c) Secondary stage for grades IX and X (13+ to 15 years); and

d) Higher secondary stage for grades XU and XII (15+ to 17

years).

Primary education, extending over five years, is free. There are
about 42,000 primary schools in the country with an enrolment of
about 8 million pupils. There are about 2,500 junior secondary
schools, 6,500 secundary schuols and 263 higher secondary schools,
otherwise known as intermediate colleges. Altogether the enrolment
is about 2 million students at the secondary stage.

The breakdown of enrolment into the four stages is shown in
the table on the following page.
Structure of science education

Science is compulsory both at the primary and secondary level
i.e., up to grade X. At the higher secondary level science is offered
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as an elective group of subjects. About 33 per cent of the higher
secondary students choose the two year science elective.

Breakdown of enrolment from primary to higher secondary level

Stages Grades Enrn'ment Remarks
Primary I-V 8,285,807 1981 statistics
Junior
Secondary VI-VIII 223,984 1980 statistics
Secondary IX-X 1,981,257 1980 statistics
Higher
Secondary XI-XII 119,000 1978 statistics
(science)

Total 10,560,048

I'ifteen per cent of the total instructional time up to secondary
level (grade X) is devoted to the teaching of science while 75 per cent
of the total tirc is devoted to science teac.ang at the higher secon-
dary level for those choosing science. This means that six periods per
week are available for science for grades III to X and 24 periods per
week for the science electives for grades XI and XII.

Curriculum aims. The National Curriculum and Syllabus Com-
mittee, established in 1975, has produced new syllabuses and curricu-
la up to grade X level. In science the aims are as follows:

Primary.  Utilizing the natural inquisitiver~ss of children the
main aims of this stage are to help children develop their skills of
observation properly, to express their observation correctly and to
take decisions on the basis of their observation.

In grades I and II, pupils will be acquainted with the various
components of their social as well as natural environment. On the
basis of their experiences in these two grades pupils in grades II1, IV
and V will leam ibout the different social institutions, natural prob-
lems and their solutions. They will also learn about the character-
istics of the living and the non-living.
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Junior secondary and secondary. At this level the main aims are
to: (a) develop inquisitiveness about nature and environment; (b)
develop skills of observation; (c) develop logical thinking; (d) develop
attitudes free from superstitions; and (e) help learners solve their
personal and social problems in their attempts to improve the stan-
dard of life.

Higher secondary. The main aim of teaching science at the
higher secondary level is to help the learners prepare themselves for
the different branches of science and for professions such as engin-
cering, medicine and agriculture.

Curriculum organization. In grades I and II, information, con-
cepts and principles of both natural and social sciences hav: been
integrated in a subject entitled ‘Environmental Studies’. There are
no prescribed textbooks for Environmental Studies at this level. In
grades III, IV and V the subject Environmental Studies has been
divided into two sections—one dealing with the social environment;
the other with the natural environment. Environmental Studies deal-
ing with the social environment includes history, geography, civics,
and population education. Environmental Studies dealing with the
natural environment includes aspects of physics, chemistry, biology,
health and nutrition, and population education. Textbooks for
grades III, IV and V are available.

The science courses at the junior secondary stage contain as-
pects of physics, chemistry and biology as well as geography, hygiene,
health and population education-all incorporated together in the
subject General Science. General Science at the secondary stage is
divided into two sections. The first section—physical sciences—
contains physics and chemistry and the second section—the biologi-
cal sciences—contains biology, agriculture ,..,::phy, health and
population education.

A: the higher secondary level the science curriculum is organiz-
ed into separate subject disciplines such as physics, chemistry, bio-
logy and mathematics.

In the past, insufficient attention was given to linking the teach-
ing and learning of science to the real-life situation of the learners.
The content of each science course was full of information, facts
and principles of science without any sc.pe for their use in solving
the problems of every day life. The curricula now in effect have,
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however, attempted to overcome these shortcomings. The real life
problems of the learners, such as population, pollution, malnutrition
and conservation, Lave been incorporated into the science curricula,
e.g., conservation of environment in grade III, environment for
healthful living in grade IV,

Curriculum evaluation and renewal. The Government has re-
cently set up a National Curriculum Development Centre (NCDC) for
developing and evaluating the total curriculum of the country from
the primary to pre-university stage. NCDC, in collaboration with
other educational institutions of the Government, is devising evalu-
ation procedures for science and other curricula.

It has been generally accepted by thc NCDC that curricula
should be revised and reviewed every five years. The present curricu-
la for the primary level were implemented in 1978-1979. According-
ly, a committee has been constituted and begun to review the pri-
mary curricula. Curricula for the secondary level were introduced
from 1981 to 1983. So a revision is soon to be commissioned. The
new curricula for the higher secondary stage will be implemented in
1985.

Student evaluation. At present, the system of evaluation at all
stages of education is not objective-based. The majority of questions
are of the essay type and based on the contents of the book, rather
than the objectives set forth in the curricula. Most of the questions
require recall of facts, information and principles of science. Ques-
tions to test the affective behaviour of the learners are rarely found
in the question papers.

The Government has decided to introduce an objective-based
evaluation system in the public examination at the secondary level
(yrade X). A task force especially appointed for this purpose has
been constituted and begun work.

Science activities/laboratory work and equipment. At the pri-
mary level an attempt has been made to design the curriculum in
such a way that the teaching/learning experiences and activities could
be developed arvund the pupils environmental milieu with particular
reference to the use of local resources available in the immediate
neighbourhoud of the school and the community. It has been sug-
gested that the pupils’ environment should be used as the laboratory
for teaching/lcarning science at this level.
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The Environmental Studies curriculum at the primary level
emphasizes a knowledge of the pupils’ immediate environment.
There is no formal laboratory work at this stage. Instead, pupils are
supposed to observe different phenomena of nature, collect, identify
and preserve different living and non-living objects, perform simple
experiments using indigenous materials, and describe or record their
observations properly. It has been suggested in the curriculum that
these science activities should be done along with the theory lessons.
Hence there are no separate laboratory classes for the primary stage.
This trend continues through the junior secondary stage. No formal
laboratory period is suggested for these grades. The pupils are sup-
posed to undertake different activities along with the theory lessons,
during their leisure time or at home.

At the secondary stage however, there are prescribed practical
experiments to be undertaken by the pupils. These practicals require
about 25 per cent of the total time available for science teaching. At
the higher secondary stage there are practical syllabuses for each of
the science subjects with 33 per cent of the total time available for
practical work.

Science equipment. Since there is no system of central pur-
chase and no adequate financial provision for equipment and con-
sumables, many schools have little or no science equipment. Some
secondary schools have no science rooms or laboratories.

The Bangladesh Educational Equipment Board (BEEB) how-
ever, has been set up to produce educational equipment of accep-
table quality suited to curriculum requirements and ensure its prompt
supply to the schools and colleges. The functions allocated to BEEB
are as follows:

a) Undertake overall responsibility for the design and develop-
ment of prototype educational equipment for all schools (in-
cluding technical/vocational schools);

b) Make pre-production batches of new designs of educational
equipment and arrange for these to be tested and cvaluated
in selected educational establishments;

c) Receive from Government sources bulk orders of prescribed
educational equipment items in order that BEEB can con-
tract local workshops, on the most advantageous terms, to
manufacture such items;
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d) Promote the production of educational equipment by offer-
ing contracts to small workshops to manufacture such items
and through the transfer of technology, stimulate production
in local industry;

e) Establish quality control facilities and organization for moni-
toring the quality of components and products produced by
local workshops;

f) Establish facilities for assembling and testing educational
equipment and make arrangements for delivery of such equip-
ment to the schools; and

g) Make arrangements for the training of teachers and inspectors
in the use, application . d basic maintenance of such educa-
tional equipment.

Use of educational technology

The National Institute of Educational Media and Technology
(NIEMT) and BEEB are the two national institutes engaged in pro-
ducing and distributing audio-visual aids to reinforce and supplement
science teaching.

NIEMT was established in 1956 as the Audio-Visual Education
Centre. The main functions of this centre are to distribute educa-
tional films, film-strips, wall charts, and other audio-visual materials
to educational institutions. Most of the films are in English and pro-
duced abroad. In recent years NIEMT has produced some fiims for
science education with translation into Bengali. Among the 58 wall
charts produced so fai, 32 are specially for primary education and 26
for secondary level. More than 880,000 prints »f these charts have
been distributed among the primary and secondary schools of the
country. NIEMT has taken the initiative to broadcast school educa-
tional programines through Radio Bangladesh since 1981. Under the
programme tiie Government of Japan has donated 1,100 sets of
Audio-Control consoles and the majority have been distributed to
different educational institutions through NIEMT. At present there
are two programmes of 20 minutes cach for secondary education
each day. It is also telccasting a programme of 20 minutes per fort-
night for primary education and threc programmes of 20 minutes
each per week through Bangladesh television.

There are no programmes where micro-computers are being
uscd for science teaching. o7
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Teacher training

Qualifications. The minimum qualification required fo1 a pri-
mary school teacher is Matriculation or Secondary Schonl Certifi-
cate (SSC), but many teachers with Higher Secondary Certificate
(HSC), Bachelor's Degree or even Master’s Degree are teaching in pri-
mary schools. All these teachers are required to teach science sub-
jects along with all other subjects at the primary level. Eighty-five
per cent of primary teachers have the minimum qualifications; 15 per
cent are unqualified.

Since the majority of junior and secondary schools are ncn-
Gouvernmental institutions, the minimum qualification for science
teachers in these schools is not prescribed. It varies from school to
school. In junior secondary schools no science teacher will have less
than HSC in Science. In each of the secondary schools there should
be two science graduates (une mathematics and the other science) if
the school is tu be affiliated to the Buard of Intermediate and Secon-
dary Education for science subjects for examination purposes. About
20 per cent of science teachers in secondary schools have a pedagogi-
cal qualification (B. Ed. or M. Ed. degree) as well as an academic
qualification.

At the higher secondary stage or the pre-university stage the
science teacher should have at least a Master’s Degree in any onc of
the science subjects. It is not necessary for such teachers to have a
pedagogical qualification.

Pre-service training of primary teachers. There are 48 Primary
Training Institutes,* each with a capacity of 200 students. The dur-
ation of the course is une academic year but the Government is plan-
ning to introduce a two year training programme in the PTIs from
the beginning of the 1984 academic year. The present one year
course consists of educational theory (sociology, philosophy, psycho-
logy, history of education and child development studies), school
subjects, students’ teaching practice, and some co-curricular activi-
ties, cach having both theoretical and practical aspects.

Pre-senvice training of secondary science teachers. There are tea
Teachers® Training Colieges (TTCs) and the Institute of Education
and Research (IER) at the University of Dhaka involved in training

* Only one of which is a non-Government institute.
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teachers for the secondary high schools. Among these institutions
two are offering courses for Master’s in Education Degree (in addi-
tion to B.Ed. [Dip. Ed. degree). The duration of the B. Ed. course is
one academic year. The course includes basic methodology, school
administration theories, educational psychology, two elective school
subjects, professional studies and practice teaching.

In-service training programme. The in-service training of science
teachers, as well as other teachers, is carried out by the Academy for
Fundamental Education (AFE) and by the National Institute for
Educational Administration Extension and Research (NIEAER).
The NIEAER is involved in training secondary school teachers—in-
cluding science teachers—as an ongoing activity aimed at updating
and upgrading the knowledge and competencies of the teachers. The
duration of the in-service courses is usually two weeks.

Research in science education

The type of research problems investigated in the area of sci-
ence education are: curriculum development, curriculum evaluation;
textbook evaluation; teaching facilities in the schools; eftectiveness
of science teaching methods; identification of skills for teaching sci-
ence; module development in science especially in the area of educa-
tional measurement and environmental education; survey of science
teaching methods; and development of achievement tests.

Most of the research in science education is carried out by the
IER, University of Dhaka. Some TTCs also conduct research in sci-
ence education but the total research effort is very limited.

Popularization of science and technology

Science club movement. The science club movement began in
1960. Now there are about 500 science clubs which: (a) study the
nature of the local environment; (b) undertake research on local
environmental problems; (c) study local plants, animals, insects; (d)
prepare and design low cost teaching aids and scientific instruments
with locally available materials, (e) arrange popular science lectures
fur club members and also fur vutsiders; (f) undertake scientific pro-
jects; (g) collect and identify local medicinal plants; (h) design and
prepare scientific toys; and (i) arrange field trips for members to
places of scientific importance.
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Some popular science magazines have played an important role
in encouraging the science club movement. A few of the science
clubs have their own little workshop and library and occasionally
they publish scientific journals.

A National Science Week and the active interest of the National
Museum of Science and Technology have increased the activities of
the science club movement in the country.

Science museum. In a developing country like Bangladesh the
science museum plays a vital role in educating children, youths and
adults about their environment and basic scientific knowledge. The
National Muscum of Science and Technology is situated in Dhaka.
At present it has three main divisions, namely technology, physical
science and biological science. In addition, there is a mini-
planetarium attached to the museum. The museum has organized its
galleries with suitable static and working exhibits, models, charts,
and diagrams and animated posters.

The functions of the museum are to: (a) display and demon-
strate the cahibits, working models, charts, diagrams and animated
pusters in the galleries; (b) display items prepared from low-cost
materials; (c) display local industrial products; (d) co-operate with
innuvators; (¢) arrange regular meetings and lectures on popular sci-
ence in cv-operation with science clubs, science teachers and people
interested in science; (f) arrange film shows and video tape presen-
tations un popular science topics; (g) prepare and display low-cost
teaching aids for science teaching at the school level; (h) co-ordinate
science club activities; (i) arrange on request, lectures, on selected
topics from school science curricula; (j) provide science library and
workshop facilities; and (k) co-operate with the National Council for
Science and Technology to arrange and popularize National Science
Week.

The museum also has a regular programme for observing celes-
tial bodies, lunar eclipse, solar spots and solar eclipse through the
reflecting telescope.

In future it is hoped to establish regional sciencc museums in
Rajshahi, Khulna and Chittagong and to arrange a Mobile Science
Exhibition for other places.

e
National science weeks, science fairs and science exhibitions.
Science weeks, science fairs and science exhibitions are organized at
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different levels throughout the country by the National Council of
Science and Technology. The aims are to:

a) develop scientific literacy;

b) tamiliarize and popularize science at all levels;
c) encourage young people in creative work;
)

d) encourage young people to prepare science projects and
models with low-cost indigeneous materials;

e) search for young scientific talent from all walks of life;

f) train young people in instrument making and carrying out
observations with them;

g) encourage the activities of the science clubs;

h) encourage scientists to carry out their research activities
according to the needs of the nation and to relate their work
to the national problems;

i) familiarize the public with the scientific activities of the pro-
fessional experts and young science students;

j) provide better public appreciation and understanding of sci-
ence and technology, national resources and environment;

k) make the public aware of the contribution of science to the
benefit of society;

1) develop scientific attitudes in the public; and
m) develop rapport among students of different institutions,
members of science clubs, and other innovators.

Mass media. Radio Bangladesh broadcasts two or three regular

programmes on science based on the formal school curricula at both
primary and secondary level. In addition, there are radio broadcasts
on agriculture, health, sanitation and family planning. The radio also
includes scientific topics useful for the general public in their other
magazine programmes.

Television.  Television is also a powerful medium at present

covering 80 per cent of the land mass. Bangladesh television broad-
casts two popular science programmes, one for children and young
people and another for youths and adults, as well as programmes for
primary and secondary science students.
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Newspapers and journals. There are about 25 daily newspapers,
ten weekly papers and 200 periodicals. The newspapers publish cur-
rent news on scientific topics and world scientific advancement but
popular scientific articles are very rare in these dailies. Two or three
of the renowned weeklies publish one or two pages of popular sci-
ence articles in each of their issues.

Motion pictures. The National Museum for Science and Tech-
nology arranges film shows on popular science for the general public
and school students. The Audio-Visual Education Centre, Dhaka
(now a component of NIEMT) arranges film shows for school stu-
dents and teachers in the centre and sometimes in a particular school,
on request. They have about 200 films on science and technology.
In addition, the Science Cine Club, British Council, American Cul-
tural Centre, Alliance Francaise and the German Cultural Institute
occasionally arrange film shows on science and technology.

Conclusion

Bangladesh is overwhelmed with educational problems and is
desperately trying to solve them. The science policy of the country
and the new curricula in science emphasize the development of sci-
ence education. Steps have already been taken in this direction. But
there is so fa: no reliable research evidence as to how far the system
and the process have gained public acceptance.

Changes in the school curriculum should also bring about
changes in the teacher education programme. How far this has been
the case is unclear. Unless timely and proper steps are taken with
regard to teacher education there is always a danger of reverting to
the old traditional approaches to science education. Whatever sug-
gestions may be given to the teacher for using the appropriate strate-
gies for science teaching, he will be reluctant to use them unless and
until there is a change in his attitude towards doing so. Such atti-
tude changes can be best brought about at the teacher education
level. 0O
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Since the founding of the People’s Republic of China, much
attention has been devoted to science education. The ‘Joint Pro-
gramme’ adopted by the Chinese People’s Political Consultative Con-
ference in 1949 advocated, ‘as common morality of all the citizens in
the People’s Republic of China, feelings for the motherland, for the
people, for labour, for science and for public property’, and advised
them ‘to strive to develop natural science in the service of industrial
and agricultural production and the construction of national defence’,
and ‘to encourage and award scientific findings and inventions, to
popularize science knowledge’. These directives have been regarded
as a foundation for the formulation of science education policies
ever since.

Science education has developed through school education for
young people, and through spare-time adult education for workers
and peasants. In addition, as the media of science education for the
entire people, the State has set up museums of natural history, plane-
tariums, science and technology houses, botanical gardens and zoos;
developed broadcast, film and television undertakings; and published
various science and technology newspapers and magazines.

Since a National Science Congress in 1978, science education
development has quickened in pace and is now one of the strategic
priorities.

Science education in scheols

Structure. Education from primary school level to pre-
university level is divided into elementary and secondary. Elemen-
tary education comprises full-time primary schools, half-study and
half farming primary schools, adult elementary classes and literacy
classes. Secondary education includes full-time secondary schools,
secondary professional schools, vocational schools, technical schools
and adult secondary schools.
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Full-time primary schools are now in the process of transition
from a five-year system to a six-year system; full-time secondary
schools (or general secondary schools) are divided into lower secon-
dary and upper secondary. At present, most of the general secon-
dary schools are gradually changing to a system of three years in
both lower and upper stages.

There are two types of secondary professional schools: those
enrolling lower secondary leavers generally offer four year courses;
those enrolling upper secondary leavers usually offer two year cour-
ses. Vocational schools and technical schools conduct a three year
course for lower secondary leavers.

Table 1. Enrolment in primary and secondary schools, 1982

\f
Type of school Number of students

(millions)
Secondary schools 47.36
Secondary professional schools 1.04
Secondary technical schools 0.63
Secondary teachers schools 0.41
General secondary schools 45.28
Upper grades 6.40
Lower grades 38.87
Agricultural schools (primary) 0.70
Agricultural schools (secondary) 0.35
Vocational schools 0.36
Primary schools 139.72

Science curricula. Curricula, teaching hours and instructional
objectives for each course are determined by the Ministry of Educa-
tion (MOE). The Ministry formulates basic instructional documents
such as teaching plans and syllabuses and exercises leadership over
the compilation of textbooks for the whole country. The People’s
Educational Press attached to the MOL is responsible for compiling
and publishing teaching materials. '

The teaching programmes devised by the MOE in 1981 expli-
citly indicate that science courses are to be offered in all primary

34

-85




and secondary schools. For example, nature study is to be offered
in primary schools from grades III to VI; and geography is to be
offered in grade IV. In secondary schools, physics is to be offered
for five years from lower grade II to upper grade III; biology in lower
grades I and II, and in upper grade III; physiological hygiene in lower
grade III. Science courses offered in primary and secondary schools

are compulsory for a

Table 2. Teaching hours per week for science courses

11 pupils.

in primary schools, 1981

Grade
Course I I jmur (v | v
Nature study 212 2
Geography 2
Scientific activitics» 2 | 2 2 ]j 2

Table 3. Tecaching hours per week for science courses

in secondary schools, 1981

Grade Lower Upper

Course secondary secondary
I (I fuar} 1 |11l

Physics 2 3| 4 3 4

Chemistry 31 3| 31| 3

Geography 3 2 9

Biology 2 2 9

Physiological 5

| hygiene
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In addition to the 26 periods per week of compulsory courses,
there are four periods of elective courses in upper secondary grades
II and III, with the purpose of developing the strengths of individual
students and preparing them for employment or higher education.

Content and renewal of science courses. Six different sets of
textbooks for primary and secondary schools have been edited and
published by the People’s Educational Press with a view to meeting
the needs of political and economic development. Generally, re-
vision and renewal of textbooks is undertaken every two to four
years. At present, the press is preparing for the compilation of a new
set of textbooks for key secondary schools.

The content of the present courses is based on the following
broad aims:

a) Nature study at primary level. To guide the chiid in recog-
nizing the world of nature and understanding the exploration, ex-
ploitation, transformation and preservation of it by man; to help him
grasp essential knowledge of nature; to develop his love for science
and his desire as well as ability to learn and use science; to inculcate
in him a correct outlock of nature, scientific attitude and love for his
native place and the country; and to promote his wholesome growth
in body and mind;

b) Geography at primary level. To guide the child in a knowl-
edge of his hometown, motherland and the world and in the explo-
ration, transformation and preservation of natyre by man;

c) Chemistry at secondary level. To enable the student to
grasp solidly and systematically the rudiments of chemistry, to ac-
quire some basic chemical skills and to understand their usage in
practice; and to train and develop his ability in chemistry;

d) Biology at seccondary leve!. To train the student to grasp
the rudiments of biology and basic skills and a competence to ob-
serve and analyse biological phenomena, to lay the foundation need-
ed for his further study of science and culture;

e) Physiological hygiene at secondary level. To enable the
student to obtain a rudimentary knowledge of the structure, func-
tion, hygiene and protection of the human body; to urge him to
build a good physique and develop good sanitary habits, so as to
render him sound in body and mind; to enable him to acquire skills
for doing experiments of simple dissection;
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f) Geography at secondary level. For lower grades, to enable
the student, on the basis of geographical education carried out in pri-
mary school to understand more rudiments of the geography of
China and the world and to acquire a knowledge of physical geog:a-
phy; and to help him obtain initial skills for using maps. At v per
secondary grades, to have a systematic command of the basic theories
concerning the relationship between man and geographical conditions,
and to understand how to exploit and transform nature rationally,
to develop production and to protect the environment; and

g) Physics at secondary level. To enable the student to obtain
systematic and basic knowledge of physics indispensable to his
further study of modern science and technology, and to understand
its application in practice; to belp him acquire experimental skills,
the ability to think and to use mathematics in solving problems in
physics.

Science textbooks—an evaluation. An evaluation of the new
textbooks in current use has shown that at primary level the books
have replaced traditional cramming methods with a more stimulatin:,
approach based on questions, obscrvations, experimeats and stories.
The texts are also more succinct and interesting and are designed to
encourage pupils to undertake activities such as growing plants,
raising animals, collecting specimens, and making observations.

At the sccondary level the new books cover a wider range and
are much appreciated by teachers. In biology, for exaniple, sections
on physivlogy, reproduction, evolution and ecology have been added.
The main rescrvations seem to be the inability of some traditional
teachers to use the books in the required manner.

Experimental work. Problems exist in the quantitative and
qualitative nature of practical work in school science education.
More attention has been given in recent years to the importance of
activity work by pupils and provision is made at all levels, within the
syllabuses, for experiments and practical work by teachers and
students. The number of hours prescribed for such work has increas-
ed, as a percentage of the total time, to about 14 per cent at junior
secondary level and 12.5 per cent at upper secondary level.

The supply of equipment is a major problem. Lists of apparatus
have been compiled and a production system established. Priority
has been given to the national key secondary schools and training of
staff undertaken. 37
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A 1981 investigation in the provinces showed that 2.8 per cent
of all primary schools are equipped with all the items in the lists of
equipment; 6.8 per cent with half the items and about 90 per cent in
urgent need. Most of the latter are in the rural areas. At the secon-
dary level the same investigation revealed that 80.7 per cent of the
schools are in need of apparatus.

The industrial system for producing equipment, set up before
1966, consists of factories directly under the MOE, as well as some
provincial instrument plants and a large number of workshops, most
of which are run by different schools, with factories under the MOE
as their centre. The output of this system is increasing rapidly.
During the last five years, the whole country has been provided with
equipment and apparatus for primary and secondary schools to the
value of more than five billion yuan;* one billion each year. Twenty-
one per cent of the listed items have undergone redesign or have been
newly designed. Today, the system is specializing in producing more
than 370 prototypes.

The Science and Technology Section and Laboratory Manage-
ment Section of the MOE are responsible for revising the lists, and
organizing and co-ordinating all the factories concerned in the design,
production and evaluation of experimental equipment and apparatus.
The MOE decided recently to establish an Institute for Teaching
Instrument and Facility Research to develop the range of equipment
needed and to design apparatus.

In addition to state investment, local investment and self-help
are two important sources of experimental instruments and facilities.
For example in 1981 in Hunan province, the state in-ested 400,000
yuan, the province raised 600,000 yuan, and money gathered for
instruments from different towns, villages and schools amounted to
2,900,000 yuan in z2ll.

Educational technology

There are more than 100,000 epidiascopes and 60,000 slide
projectors used for teaching purpuses in all the key primary and
secondary schools in cities and towns. Due to the low rate of lantern
slide production, the supply falls short of demand, and slide projec-
tors are more often used.

* Approximately 1.98 Chigéuen = One US dollar
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More than 100,000 audio tape-recorders are available for in-
structional purposes all over the country which are mainly used in
language teaching and music learning.

Over 17,000 film projectors have been provided for secondary
schools in various municipalities and towns, but the rate of utiliz-
ation is very low because few instructional films are available.

Northeast China, Guangdong Province and Beijing are taking the
lead in using video recorders. More than 400 video recorders are
being used for teaching purposes, most of which are in the possession
of colleges and universities.

There are 48,000 domestic made TV sets used for teaching
purposes in the country. The service is mainly used in teacher train-
ing institutions.

Many districts have begun to offer courses in computer and
software programming. In Shanghai, for example, no less than 20
computer groups are equipped with 50 microcomputers at instruc-
tional stations for youngsters' science activitics, children’s palaces
and schools in different districts and counties.

In November 1982, a ‘Contest of Shanghai Youngsters on Com-
puter Programming’ was launched. It was jointly sponsored by 13
organizations including the Shanghai Electronic Society and the
Institute for Modern Education Research of the Huadong Normal
University. This contest promotes programming in BASIC. The
mathematics models and design programmes that are devised will, it
is hoped, stimulate the students’ desire for knowledge, widen their
horizon of scientific culture, and develop their logical thinking.

Teacher training

Qualifications. At the National Forum on Primary and Secon-
dary Teacher Training held in 1977, the MOE put forward standards
for the in-service training of primary and secondary teachers. Pri-
mary teachers must raise their qualifications to the level of regular
secondary normal school graduates; lower secondary teachers must
reach that of regular special normal college graduates; and upper
secondary teachers must reach regular undergraduate level.

Statistics in 1980 showed that most teachers have not yet reach-
cd these educational standards set by the State. Teacher qualifica-
tions are lower now than at any time since New China came into
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being, and inevitably, the improvement of educatic 1 is being serious-
ly retarded. The position with respect to secondary science teachers
is given in the following tables.

Table 4. Number of secondary science teachers, 1981-1982

{in thousands)
Subject Total Lower secondary  Upper secondary
Physics 278.7 212.8 65.9
Chemistry 181.9 122.4 57.4
Biology 67.2 49.4 17.7
Geography 82.8 66.2 13.6
Physiological hygiene 12.6 11.9 0.7

Table 5. The academic background of upper secondary
science teachers, 1980-1981

{in thousands)
. Total Under- College or university Secondary school
Subject
number graduate leaver leaver and below
Physics 78.2 29.8 23.0 25.4
Chemistry 66.4 24.8 20.0 21.6
Biology 15.1 7.0 4.6 3.5
Geography 13.1 4.5 3.5 5.1

Table 6. The academic background of lower secondary
science teachers, 1980-1981

(in thousands)
Total Under- College or univer- Secondary school
Subject number graduate sity leaver leaver Others

Physics 224.3 9.5 21.6 1734 19.8
Chemistry 123.2 6.9 14.4 92.5 9.4
Biology 41.0 5.0 6.2 23.1 6.6
Geography 64.9 4.3 6.3 41.5 12.8
Physiological

hygiene 9.6 0.7 1.0 5.8 2.1
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Institutions for teacher training

a) Education colleges. Education colleges and teachers’ col-
leges are responsible for training teachers for upper secondary
schools at provincial level and lower secondary school teachers at
district level. Teacher training schools at county or municipal dis-
trict level are responsible for training primary school teachers.

b) Correspondence departments of normal colleges or schools.
These are responsible for in-service training of primary and secondary
teachers on a regional basis.

Other types of teacher training

a) Self-help. Teachers are encouraged to improve their own
educational standards by private study leading to recognized examin-
ations.

b) On-the-job training. Individual schools are encouraged to
offer on-the-job training for inexperienced teachers using older and
more experienced teachers as tutors.

c) Short courses. Education colleges and teachers’ colleges
offer short-term courses on aspects of teaching methods and mate-
rials. These are specifically aimed at unqualified teachers and those
who have difficulty in teaching the new materials.

Out-of-school science education for young people

Activities in out-of-school science education for young people
have played an important role in the all-round improvement of edu-
cation, in the devclopment of young people's scientific competence,
and in the earliest possible identification and training of science
talent. Out-of-school science education has developed vigorously in
the last few years and great efforts have been made at the central and
local levels, mainly under the following categories.

Leadership. To strengthen leadership, various organizations
have been set up both at the central and local levels. In June 1981,
the National Leading Group for Youngsters' Scientific Activities
(NLGYSA) was formed through the joint action of five organiz-
ations—the China Association for Science and Technology (CAST),
the Ministry of Education, the State Commission for Physical Cul-
turc and Sports, the Communist Youth League, and All-China
Women’s Federation. The main task of the group is to:
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a) co-ordinate cfforts made by various departments to develop
out-of-school science activities for young people;

b) identify and study problems existing in out-of-school sci-
ence activities, involving tactics and policies;

c) organize activities and to share experiences; and
d) promote international exchanges in this field.

Leading groups of offices have been set up accordingly at the
provincial, municipal and autonomous region levels for such activities.

CAST, since its restoration in 1978, has regarded the develop-
ment of science education for young people as one of its main tasks.
In CAST, there is a department for young people where the acting
organ of NLGYSA is located. CAST has brought its advantages as a
mass body into full play and stimulated varicus associations, societies
and pop-science institutions to develop their work on science activi-
ties for young people.

Some primary and secondary schools in the country have set up
leading groups for out-of-school science activities consisting of prin-
cipals and science teachers.

In other places, institutions for developing young people’s sci-
ence activities are located in educational administrative departments.
In Shanghai, for example, an ‘Institute for Promoting Pop-Science
Activities among Youngsters’ has been set up jointly by five organiz-
ations—Shanghai Committee for the Communist Youth League,
Shanghai Association for Science and Technology, Shanghai Educa-
tion Department, Shanghai Commission for Physical Culture and
Sports, and Shanghai Women’s Federation. Its task is to exercise
leadership and co-ordinate science activities for young people in the
whole city. In addition, there is a children’s palace (founded by the
China Welfare Institute) in Shanghai, and each district and county
has its own children’s palace under the leadership of an educational
department at the same level. These are important places for out-of-
school science acuvities.

A leading group for science activities has been set up in about
one-third of the 3,328 primary and 916 secondary schools in Shang-
hai. Preliminary statistics indicate that there are 3,131 science
amateur groups with 114,228 members in schools all over the city.
Thus, a net work of out-of-school science education has taken shape,
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cnabling such activities to achieve remarkable results in the whole
area.

Onc of the key links in developing science activities for young
people is the provision of instructors. An association of instructors
for young people’s science activities has been set up in most of the
provinces, municipalities and autonomous regions of the country. In
June 1983, the China Association of Instructors for Youngsters’
Science Activities was established to give guidance to local branches
in organizing activities; develop various activities for members, and
thus help to raise their professional levels; pass on suggestions and
opinions to the Government; organize research work, and to compile
and publish a journal of the association and develop communication
and exchange with foreign organizations of a similar nature. There
are, at present, some 400,000 instructors in associations throughout
the country.

%

Associations of young amateurs are the young people’s own
organizations; they develop various activities under the guidance of
academic societies. Associations for astronomy, geology, biology,
radio and mathematics have been set up in some districts, municipal-
ities and autonomous regions. In Shanghai for example, seven differ-
ent associations have been created—associations for chemistry,
astronomy, clectrunics, mathematics, aviation, navigation and geo-
logy; and preparation is being made for the founding of associations
for biology and photography. These associations are often located in
the municipal childrens’ palace.

Activities. The main types of activities organized in recent
years include lectures on pop-science, talks on science and techno-
logy, and various kinds of training classes; visits to science rescarch
institutions, zoological and botanical gardens and museums; meeting
scientists, technicians and engineers; experiments and projects; film
shows, lantern slide shows, pre-recorded television programmes, read-
ing pop-science books and magazines; writing short scientific papers,
diaries, and investigation reports; summer and winter science camps
and science parties; and exhibitions of projects and artifacts and
science contests.

There have also been several National level activities:

a) A National Exhibition of Scientific Artifacts by Young
people was held in Beijing, in 1979, where more than 8,000 artifacts
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of exccllence made by young people throughout 29 provinces, muni-
cipalities, and autonomous regions were displayed. During this two
month show, 280,000 people visited the exhibition.

b) A national summer aviation camp was held in 1979 with
3,000 young aviation amateurs of all nationalities. The young cam-
pers, who were niade aware of the principles of aeronautics and
aviation history, watched demonstration flights, and enjoyed them-
selves by flying planes and developing their perceptual understanding
of, their interest in, and their feelings for aviation.

c) In 1981, 3,100 young students took part in decentralized
geology summer camp activities, and in 1982, nearly 10,000 students
from the country at large participated in such activities.

d) The First National Contest on Creations and Inventions by
Young Peouple and Symposium for Young People was held in August
1982, attended by 290 primary and secondary students of ten
nationalities, the youngest being only 7 years old.

¢) ‘Love for Science Month’ is a designated month each year,
when primary and secondary students are requested to read a book
on science, to come to know the story of a scientist, to see a science
film, to undertake a scientific experiment or to write a short paper.

Sciance education for adults

Adults constitute the majority of the national population of
1,000 million. Most of them are workers and peasants, who are
directly engaged in industrial and agricultural production. In this
group, persons aged between 18 and 50 years are greatest in number.
Accordingly, it is assumed that science education for adults is intend-
ed mainly for workers and peasants of this age range.

Since this kind of education is intended for huge masses of
peuple, whose studying conditions are different, the principle of
integrating teaching with pruduction offers education of varied forms
according to the local conditions.

Relevant statistics for 1982 show that the total enrolment of
adults studying in higher institutions was 1,172,600 comprising:

a) Workers and peasants at universities : 143,500;
b) Radio and TV universities : 347,200,

44

.

75




China

c) Normal schools of higher education and colleges
for middle school teachers’ training : 474,100; and

d) Correspondence departments run by regular
colleges and universitics, evening universities
and independent correspondence colleges : 207,800.

The total enrolment of adults attending secondary schools was
10,804,100 comprising :

a) Technical secondary schools : 3,263,900;

b) Spare-time secondary schools: 6,349,900; and

c) Schools for primary school teacher training: 1,190,300

This constituted an increase of 31.6 per cent over 1981.

Training programmes. Training programmes have been estab-
lished for technical and managerial staff, workers and peasants.
These programmes include science education related to the local
environment and local employment such as agriculture. The scale of
the operation is enormous. For example, it is planned to reach moie
than 100 million peasants during the Sixth and Seventh Five-Year
Plans so that, by 1990, 20 per cent of peasants will be educated up
to agricultural primary or secondary vocational school level. This
training will take place in technical schools for peasants run by pro-
duction brigades and people’s communes, some full-time, some part-
time.

Statistics in 1982 show that nearly 14 million peasants were
studying in educational institutions of all kinds and 70 per cent were
studying agricultural science and techniques. Such adult education is
leading to improved grain production and improved average incomes.

Activities. There arc more than 400 museums in China includ-
ing a number of museums of natural science, and 20 botanical
gardens. The biggest museums of natural science are located in
Shanghai, Beijing, Tianjin, and Dalian. The Shanghai Nature Museum
is a comprehensive museum which comprises multiple natural scien-
ces such as palaeontology, botany, zoology, anthropology, astron-
omy and geology. There is a plan to complete before 1985 six
branch museums of zoology, botany, palacoutology, anthropology,
geology and astronomy. Today, the museum of zoology has been
built and the preparations for the construction of others have begun.
This museum has cight exhibition halls for palaeozoological history,
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human evolution and modemn animals. The annual average number
of visitors is 550,000; mostly teenagers. Several temporary exhibi-
tion halls have been opened with exhibitions entitled ‘Ancient Dead
Bodies in China’, ‘Total Solar Eclipse in 1280 in Yunnan Province’,
‘Rare Animals’ and so on. Sometimes, exhibitions are improvised to
spread scientific knowledge to the masses. In 1981, the exhibitions,
including mobile ones, attracted a total of 850,000 visitors. Near the
museum, there is a cinema scseening science films, open to the public,
and specializing in popularizing scientific knowledge. In 1983, it
gave 527 shows to 68,000 spectators, many of whom were teenage
students.

Apart from comprehensive museums of natural science, there
ar¢ many specialized museums such as museums of geology, anthro-
pology, medical history, science and technology, and industrial, agri-
cultural and aeronautical exhibitions. For example, Beijing Planet-
arium contributes to the popularization of astronomical knowledge,
where variou. kinds of exhibitions on special topics are held and
ancient astronomical instruments, ancient methods for astronomical
observation 2nd an ancient calendar of China are on display.

Films, TV, broadcasting, pictures, charts, slide shows, galleries,
picture posters and propaganda cars represent important other ways
to popularize science among the masses. Most of the provinces and
municipalities all over the country have scientific and technical film
studios, which have produced many films of this type to popularize
science and technolugy. Local science associations and departments
concerned in different places take charge of the distribution and pro-
jection of these kinds of films. For example, under the guidance of
the Municipal Science Association of Shanghai, the science and edu-
cational film administration centre of the municipality was set up
with correspondent urganizations in districts and counties to do the
job. Incomplete statistics in 1982 show that the institutions of the
municipal science association system gave 2,434 shows of science and
educational films with a total of 1,012,402 spectators.

TV and broadcasting can be used as effective instruments for
popularizing science. In addition, video, slide shows, pictures,
picture-story buuks, and galleries on streets are other ways of spread-
ing popular science. In 1980, the Science Association of China, the
Publishing House for Popular Science and the Institute for Energy
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Resources of the Academy of Sciences of China jointly published
pictures about energy resources with an impression of 53,000 copies.

Recreation palaces and clubs of popular science have been
established in recent years as a means of popularizing science. The
advantage is the integration of science education with entertainment.
It has become one of the new entertainments loved by teenagers.
For instance, the recreation palace of popular science which was
built with funds of the Municipal Science Association of Shanghai,
has fluorescent material, electronic sound control, electronic music,
metcorological observation, laser and other topics and attracted
200,000 visitors in January 1983 alone.

Popular science publications are admired by teenagers and the
masses generally. In the whole country, there are 17 publishing
houses of popular science books, 130 different popular science
magazines and 50 science newspapers with an impression of 4 million
copies each issue. To satisfy the mass demand for scientific and
technical knowledge, certain districts began to publish newspapers
specifically for this purpose. For example, in Hunan province, 96
counties and towns have their own newspapers of agricultural science
and techniques with an impression of 2,540,000 copies, an a.erage of
four copies per peasant family. This is a development without pre-
cedent in the history of China.

In recent years, more and more popular science books have
been published. According to statistics, 1,427 popular science books
were published in 1980, 2,100 in 1981, and in 1982 the Agricultural
Publishing House alone published 120 books on agricultural science
and techniques. The total print of popular science books exceeds
5 million copies.

Research in science education

The Central Institute of Educational Research was re-establish-
ed, in 1978. In 1979, the Ministry of Education and the Academy of
Social Science of China jointly convened a first conference for plan-
ning the national programme for educational research, at which the
‘Plan and Programmec for Developing Educational Science from 1978
to 1985’ was discussed and approved. This conference played a
major role in encouraging, motivating and organizing educational re-
search. In the past four years research work in science education has
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progressed considerably. By the end of 1982, research staff in the
Central Institute of Educational Research numbered 120. There are
16 provinces and municipalities, and 36 institutions of higher educa-
tion (mainly normal colleges and schools, and a small number of
comprehensive universities) where institutes of educational research
have been set up with 1,200 professional personnel; there are 28
provinces, municipalities and autonomous regions where societies of
education have been founded with 12,000 members. Research on
science education is underway in all normal colleges and schools as
well as institutes for educational research attached to some of the
comprehensive universities. Yet, generally speaking, this kind of
work has only just begun. The Central Institute of Educational Re-
search is now preparing for a second national conference on program-
mes for educational research so that such research may help to
contribute more to the development of education policies identified
in the Sixth Five-Year Plan. Research on science education will be
included in the national programmes for educational research, and it
will thus contribute to the development of science activities. o
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INDIA

India is a land of ancient civilizations having a rich heritage of
science. The study of sciences such as astronomy, chemistry, math-
ematics, medicine and surgery dates back a very long time. The
ancient literature in science has made it easier to impart science
education through the media of Indian languages in modern India.

First exposures to modern science education began with the
advent of western forcign powers. Even before independence in
1947, India produced a Nobel Laureate, several Fellows of the Royal
Society and many eminent scientists.

India is a vast country with 22 states and nine union territories
having a diverse sucial and cultural heritage. Recognizing the varying
levels of economic and social conditions and the numerous languages,
cducation has been retained as a state responsibility. The Central
Government, of course, provides leadership and acts as a catalyst and
co-ordinator of prugressive changes. But it would be a mistake to
consider any single statement or resolution as the sole statement of
state or government policy on science education. The Scientific
Policy Resolution (1958) and the National Policy on Education
(1968), both passed by Parliament; the Report of the Unesco Plan-
ning Mission (1964); the Report of the Education Commission (1964
-66); and the successive Five-Year Plan documents accepted by the
government are all important indicators of the educational policy of
the country.

Science policy

The Science Policy Resolution, piloted by Jawaharlal Nehru,
the first Prime Minister, was adopted by Parliament in 1958. It
recognizes technology as a key factor for economic development,
emphasizes the importance of the study of science and its application
not only as a means of providing material and cultural amenities and
services to every member of the community but as a method of
influencing basic human values.
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Although the Science Policy Resolution does not specifically
mention school education or out-of-school education as such, its
impact on both have been tremendous.

In pursuance of *he Science Policy Resolution, the government
took several steps to establish institutions for education and research,
founded institutions for governmental guidance and created condi-
tions which could prumote science and technology. The government
vrganized three Conferences of Scientists and Educationists in 1958,
1963, and 1970 and a round table conference of scientists and tech-
nologists in 1966 to assess the follow-up action on the Resolution.
Some of the recommendations of these conferences that have a direct
bearing on school science education and the popularization of sci-
ence for out-of-school youths and adults through formal and non-
formal means are:

a) Efforts should be made to disseminate and popularize sci-
ence using media such as documentary films, radio, tele-
vision, popular science journals and magazines;

b) The search for scientific talent should be started at the
higher secondary school level;

¢) Efforts should be made to provide facilities for the manu-
facture of instruments and scientific apparatus required by
schools and colleges; and

d) Scientists in universities and laboratories should take part in
school science education. They should establish contacts
with local educational authorities in advisory capacities.

The National Council of Educational Research and Training
(NCERT) was established (1961) as an autonomous body to assist
and advise in implementing the education policies of the government
and to work for all-round improvement of school education in close
collaboration wil: the states and union territories.

In 1968, Parliament adopted a resolution: ‘National Policy on
Yducation® which states that science and mathematics should be an
integral part of general education throughout the school stage (i.e.
first ten ye- s of education).

The National Policy Resolution of 1968 laid great emphasis on
non-formal and adult education for overcoming mass illiteracy,
' which is necessary for national development in general.
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Successive Five-Year Plans from the Secend Plai to the Sixth
Plan (1980-85) review the progress and projections of various aspects
of education, including science education, and detcrmine the priority
of financial allocation and operational cmphases for the various
states and agencies which are concerned with the actual implemen-
tation of policies. The Sixth Five-Year Plan, for example, seeks to
strengthen science teaching through provision of laboratory equip-
ment both for class experiment and demonstration; through the
supply of science kits at primary and middle level; and by the design,
production and supply of an appropriate kit for secondary and
higher secondary stages.

The structure of schooi education

Shortly after independence the ‘Secondary Education Commis-
sion’ was set up in 1952, to make suggestions for improving educa-
tion at the secondary level.

Based on the recommendations of the Commission, a decision
was taken to develop a national pattern of education with 11 years
of school education followed by a three year first degree course. The
last three years of the school stage, called the higher secondary stage,
were to comprise diversified streams such as science, humanities and
commerce. The three year first degree course was introduced in
almost every state, it not many states were quick to implement the
decision on the pattern of higher secondary education.

Another ‘Education Commission’ was set up in 1964 to coa-
sider the educational structure in geneiel and recommended that
school education shculd extend over 12 years with some flexibility
in its sub-stages such as:

a) Primary stage of seven years followed by 1 lower secondary
stage of three years or a primary stage of eight years follow-
ed by a lower secondary stage of two years for general edu-
cation courses;

b) Higher secondary stage of two years; and

c) A higher education stage having a course of three years or
more for the first degree, followed by courses of varying
duration for the second or research degrees.
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The National Government adopted a resolution—‘The National
Policy on Education’ (1968) which stated: ‘It will be advantageous
to have a broadly uniform educational structure in all parts of the
country. The ultimate objective should be to adopt the 10+2+3
pattern’.

Subsequently:, the Ministry of Education and Social Welfare
established an expert group in 1973 to develop the curriculum for
the 10+2 pattern and a document entitled The Curriculum for the
Ten-year School—A Framework was published in 1975.

A large number of states have accepted and implemented the
10+2 pattern of school educauon although there is varietv in the sub-
stages of primary, middle, secondary and senior (highe1) secondary.

En:clment at different sub-stages of school education. Enrol-
men* for 1973 and 1978 at different sub-stages of school education
is given in the following tables.

Table 1. Enrolments in Classes I-VIII

Year 1973 1978
Classes [Age group Enrolment Per cent Enrolment Per cent
(millions) enrolled (millions) enrolled
Classes -V 61.25 80.30 69.15 82.31

(6-11 years)

Class¢s VI-VIH 13.95 33.15 17.48 36.92
(11-14 years)

Table 2. Enrolments in Classes IX-XII (1978)

. . Per cent of
Classcs Boys (millions) Grls Fotal total enrolment

Class IX 2.73 1.18 3.91 44.23
Class X 2.20 0.90 3.10 35.07
Class XI 0.86 0.29 1.15 13.01
Class XII 0.52 0.16 0.68 7.69
Total 6.31 2.53 8.84 100.00
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Science education in schools

Structure. Teaching of science in some form or other begins
right from Class I in all the states and union territories. In Classes I
to V, it is taught under different names e.g. elementary science,
nature study, general science, environmental studies. In Classes VI to
VIII, it was mostly taught as general science up to 1967. Teaching of
science as separate disciplines (physics, chemistry and biology) was
then introduced in a phased manner in Classes VI to VIII under a
Unesco/UNICEF-Assisted Science Education Project. Science gradu-
ally becam. a compulsory subject for all students up to Class VIII.

Under the 10+2 pattern of schooling, after the first ten years
the students are expected either to enter the world of work, or to
continue studying in the two year (+2) stage. In the case of the
latter, a student may either study in the academic stream preparing
for higher education or he may enter the vocational stream which
would prepare him for a trade or technical skill.

A student who chooses the academic stream and studies science
offers physics, chemistry and biology as separate disciplines. Students
who plan to move to engineering colleges ~licr completing the +2
stage must also study mathematics whereas those planniny to enter

medical courses must offer biology.

Time allocation. There is a prescribed minimum of 240 work-
ing school days in a year—220 days {or instruction and 20 days for
school camps and coramunity services.

The ‘Report of the Review Committee on on the Curriculum
for the Ten-year School’ made recommendations for time allocations
for different subjects. The time allocation recommended for science
and mathematics is given in Table 3.

Aims and objectives of teaching science

a) Primary stage. The primary stage of education covers,
roughly, the children aged 6 to 11 years studying in Classes I to V.
Before the child enters school, he has developed spontaneity, curio-
sity, creativity and activity. The content and methods of teaching
science at the primary stage are geared to the promotion and sustain-
ment of these qualities.

53 84

Aruitoxt provided by Eic:




Science education in Asia and the Pacific

Table 3. Time allocation recommended for science
and mathematics

Total No. Time allocation per week as percentage
Stage / of periods
classes per week Science Mathematics

Primary 24 to 30 (As Environmental Studies it 20
Classes I-V periods includes social studies, nature
study and health education)

Middle (As Science—an integrated 12.5
Classes V/VI 32 periods | conrse)

to VII/VUI

Secondary 32 periods 15.6 12.5

Classes IX to X

In Classes I and II science is taught as Environmental Studies.
Environmental Studies is continued in Classes III to V, with the
following objectives based on the suggestions of the Review Com-
mittee:

i) T¢ enable children to observe their environment and enrich
their experience, thereby developing skills in the process of
science, such as obsenving, communicating, measuring, mak-
ing a guess, expenmenting to test the guess;

i1) To gain knowledge of scientific facts and principles, and have
a better understanding of the phenomena taking place in the
environment around them;

ii1) To develop scientific attitudes in life, which may include a
rational outlook, open-mindedness, a positive inclination for
democratic, secular and socialist outlook to situations in life,
opposition to prejudices based on sex, caste, religion, lan-
guage or region; and

i) To develop creative faculties, imagination and independent
thinking for locating problems, suggesting solutions and try-
’ ing out ideas.

b) Muddle stage.  The middle school years (11-14 years) sees
adolescent development and this period can be difficult for many

54

ERIC 85

Aruitoxt provided by Eic:



|
|
|

India

children. Problems of adjustment in the family, the school and the
society begin to appear. The child, however, becomes a boy or a girl
with greater intellectual, emotional, physical and social maturity
than the prima'y school child. Socia! demands and responsibilities
begin to appear. For many children this stage is terminal. They
should, therefore, be prepared adequately to face life and develop
capabilities and attitudes for productive work in which they have to
participate. Accordingly the general objectives of teaching science
at this stage are to:

i) emphasize the relevance of science to daily life;

ii) develop scientific attitudes;

ili) create an environment conducive to greater reliance on the
use of principles and practices of science;

iv) acquaint the pupils with various natural phenomena;

v) emphasize the experimental nature of science; and

vi) emphasize the unity of methods of different disciplines of
science.

c) Secondary stage. The ninth and tenth years comprising the
secondary stage are the final years of general education. After this
the student may either enter the world of work or take up vocational
or academic courses. All the objectives of teaching science at the
middle school stage are extended and intensified with aims and
objectives to:

i) enable the students to recognize the role of science in day-to-
day life;

ii) promote interest in students for science and to enable them
to use science as an important tool for developing industries,
agriculture and medicine; and

iii) develop some basic concepts in science which provide a back-
ground for learning science at the senior level.

d) Higher (senior secondary) stage. At the senior secondary
stage there - certain major objectives which are common for all the
disciplines, namely, physics, chemistry and biology. These are to:

i) strengthen the concepts developed at the secondary level and
further d.velop new concepts to provide a sound background
for higher studies;
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ii) develop competence in students to pursue professional
courses, such as engineering, medicine or agriculture as their
future career;

iii) acquaint the students with different aspects of science used
in daily life and to enable them to recognize that science
nlays an important role in the service of man;

.7) expose students to different processes used in industry and
other areas of production and to acquaint them with the
technology involved; and

v) provide relevant content materials useful for vocational cour-
ses at the senior secondary stage.

Organization and content of science courses

a) Primary stage. In Classes I and II, the study is centred around
the immediate environment of the child, and the two aspects of the
environment, social and physical, are not segregated. Different units
include family, home, school, neighbourhood, the earth, sky and
man’s life.

In Classes III to V, the social and physical aspects of the en-
vironment are dealt with separately as Environmental Studies Parts I
and 11, respectively. The content of Environmental Studies Part II is
organized spirally, centred around living things, the human body,
nutrition, health and hygiene, soil erosion, natural resources, air,
water and weather, properties of matter and materials, housing and
clothing, force, work and energy, the earth and the sky.

b) Middle stage. In accordance with the recommendations of
the Unesco Planning Mission (1964), and the subsequent development
of the Unesco Exaperimental Project and its implementation under
the UNICEF-Assisted ‘Science Education Project’ (SEP), the teach-
ing of science as separate disciplines was introduced in a large num-
ber of schools at the middle stage (Classes VI-VIII). Some states are
continuing with the separate disciplines approach, whilst other states
are following the physical sciences (physics and chemistry) and life
sciences (botany, zoology and human physiology) approach.

After the ‘12 year schooling’ was accepted in principle, work
started on the development of an alternative integrated science
course up to Class VI, which avoids compartmentalization of sci-
ence mto different disciplines. In order to have a smooth transition
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from the disciplinary to the integrated approach, integration only at
an elementary level was attempted and the environment was used as
one of the factors for developing the teaching/learning activities.

c) Secondary stage. Physics, chemistry and life sciences are
aspects of sciences at the secondary level. In some states, science is
taught as physical sciences and biological sciences at this level, in
others as physics, chemistry and biology. At present the Central
Board of Secondary Education (CBSE) prescribes two courses for the
secondary level, science course A, under which a student has to study
science as separate disciplines, physics, chemistry and biology, and
course B which is an integrated course. A student can opt for either
one of these courses.

Recently, however, the CBSE has decided to offer only a single
interdisciplinary course.

d) Higher (senior secondary) stage. The science courses at the
senior secondary stage consist of physics, chemistry and biology.

The course in chemistry at the senior secondary level (+2 stage)
as developed by the NCERT, is a major change from previous courses.
The following aspects are worth mentioning:

— Chemistry is presented as a unified subject. There is no tradi-
tional classification as physical, inorganic or organic chemis-
try. Basic concepts are developed in the beginning and
applied to the study of elements and their compounds in
subsequent units.

— Development of the concepts in the textbooks is through the
spiral approach.

~ The course provides sufficient background for professional
courses like medicine or engineering, which students may
offer after this stage.

— Students offering professional and vocational courses may
not be interested in abstract theory, but instead would like to
know how the principles of chemistry can be applied. With
this in mind, in many cases, derivation of mathematical
formulae and equations has been avoided but these formulae
and equations have been applied in explaining physico-
chemical principles. Equal emphasis has been given to
chemical principles and descriptive chemistry in the text and
correlating the two.

| 57

53




Science education in Asia and the Pacific

— Similar to secondary education, senior secondary education
is also linked with National Development Goals.

— Areas of an inter-disciplinary nature are given adequate em-
phasis (chemistry occupies a rather central and unique posi-
tion among the sciences).

— SI Units are used throughout the textbooks.

— The laboratory part of the course in chemistry includes some
traditional, some open-ended and some environmental in-
vestigations.

Like chemistry, the teaching of physics at the senior secondary
level (+2 stage) shows a major change from the past. The following
aspects are worth mentioning.

— It has an integrated approach e.g. in the chapter on ‘Waves’
the concepts in mechanics, light and sound have been devel-
oped.

— The approach is similar to PSSC of the USA: mathematical
derivation of equations has not been given so much import-
ance as the use of the final form of equation to develop con-
cepts in physics.

— There are a number of new topics introduced for the first
time in the physics course such as, theory of relativity and
astro-physics.

— Only very elementary knowledge of calculus has been used in
deriving equations.

— For the first time, projects in physics practical w.ck have
been introduced.

Some of the special features of the biology course developed by
NCERT are:

— Students will be able to proceed for higher education in eco-
logy, botany, physiology, microbiology, agriculture, anthro-
pology and medicine.

— T..ey will also be prepared for vocations such as controlling
pests, vegetative propagation in horticulture, apiculture, seri-
culture, pisciculture and poultry farming.
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— A number of skills (both for productive work and higher
studies) are expected to be developed e.g. ability to identify
local plants and animals, ability to identify important dis-
eases of cultivated plants and diseases of domestic animals.
They will be able to undertake small individual projects and
open-ended experiments and prepare charts and models.

— Students will be able to understand the various biological
aspects of social problems such as that of environment, popu-
lation, and individual and community health resources.

Curriculum development in science.  The National Council of
Educational Research and Training (NCERT), is the key body at the
national level for curriculum development and improvement of
school education. NCERT is responsible for developing syllabuses,
textbooks, teacher’s guides, test items, science kits and various teach-
ing aids for improving science education throughout the school stage.

Under the UNICEF-Assisted ‘Science Education Project’ sci-
ence curricula materials were developcd within NCERT by the
academic staff of the Department of Education in Science and
Mathematics, in collaboration with Unesco experts.

Simultaneously 20 study groups were sct up in physics, chemis-
try, biology and mathematics at various universities and research
centres throughout the country under the chairmanship of eminent
professors and scientists. They developed alternative versions of cur-
ricula and textbooks for use in elementary and secondary schools.

Yet another method adopted by NCERT has been the develop-
ment of text materials through Editourial Boards, consisting of emi-
nent professors and with books prepared by authors commissioned
for the purpose. This mechanism was used in the wake of the adop-
tion of the 10+2 pattern of schuol education when curriculum mate-
rials were required speedily. Materials produced by NCERT have
been freely made available for adoption or adaptation by the states.

At the state level, every state has a board of secondary/high
school education which prescribes the syllabus and textbooks for the
secondary and scnior secondary stage of education and conducts
public examinations at the end of these stages. Curriculum develop-
ment at the elementary stage (I-VIII) is the responsibility of the
State Department of Education through State Institutes of Educa-
tion, State Institutes of Science Education, and the State Council of
Educational Rescarch and Training.
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At the national level, the Central Board of Secondary Education
with about 1,200 affiliated schools all over the country conducts All-
India and Delhi Senior Secondary and Seccendary examinations.
Eminent educationists, university professors, school principals and
practising teachers are members of the subject committees of the
CBSE.

The Board prescribes textbooks for its various courses by: (a)
adopting textbooks developed by NCERT if they cover the syllabus
of the Board; (b) inviting manuscripts from private publishers; and
(c) undertaking a book development programme under which it com-
missions authors or a team of authors to write a book for subsequent
publication by the Board.

In many states, organizations such as Textbook Bureaux/Text-
book Corporations also exist. Preparation, production and publica-
tion of textbooks is undertaken by these organizations in collabora-
tion with different state educational agencies and experts.

As the states began to use new science materials, a need was felt
to set up an institution in each state which could undertake in-service
training of teachers and handle ficld problems. Institutcs designated
as State Institutes of Education were set up at the initiative of the
National Goveinment and began training teachers and supervisors
and collaborating with NCERT in all aspects of curriculum develop-
ment.

Some states also established State Institutes of Science Educa-
tion solely to look after the improvement of science education;
others cxpanded the State Institutes of Education to create or
strengthen a science unit in the institution. There were other states
that set up a State Council of Educational Rescaich and Training on
the mode! of NCERT and undertook similar functions at the state
level.

For a .ast country like India, it is difficult to follow a uniform
pattern anc. cycle for curriculum revision. However, the states and
union territorics arc advised not to revise the syllabus and change the
textbooks more frequently than every five years.

At the national level, the last revision took place from 1975 to
1978 when the 10+2 pattern of school education was adopted. An-
other revision of curricular materials is ncw planned during the
period 1984-1586.
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Evaluation. An historical perspective in Indian education would
reveal that examinations continue to dominate the education system.
The Report of the Secondary Education Commission (1952-53)
commented:

The examinations determine not only the content of
education but also the methods of teaching, in fact the
entire approach to education. They have so pervaded
the entire atmosphere of school life that they have be-
come the main motivating force of all effort on the part
of pupil as well as teacher.

After reviewing the defects of evaluation at the secondary edu-
cation stage, the Commission recommended a new approach to evalu-
ation at school stage and made a number of concrete proposals for
the improvement of the external examinations and the methods of
internal assessment. As a result of these proposals, a movement was
started for examination reform which gathered momentum with the
establishment by the Government of the Central Examination Unit
with its trained evaluation officers, in 1958. This unit later merged
into NCERT’s Department of Measurement and Evaluation.

The outstanding feature of the new reform movement is the
emphasis laid on: (a) format of questions such as, short answer,
multiple choice; (b) coverage of syllabus; (c) difficulty level of ques-
tions; (d) provision of parallel internal options if required; () proper
weightage distribution on testing of various skills and abilities such as
knowledge, comprehension, application, skills; and (f) fulfilment of
various stated objectives of the course.

This has found increasing acceptance in recent years. Under the
examination reform movement, NCERT, in collaboration with
various state educational agencies mounted a multi-pronged drive for
the popularization of new techniques of evaluation. It int.oduced
thousands of teachers and training college lecturers to new techni-
ques of evaluation, sct up a large pool of test items and trained
paper-setters. It resulted in the setting up of an evaluation unit in
each board. Through this movement the written external examin-
ations conducted by the boards have improved considerably. How-
ever, it left untouched the testiry of applications and problem solv-
ing abilities.
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One external public examination is held at the secondary or
matriculation stage and another at the seniorfhigher secondary /inter-
mediate stage. In must of the states science students are examined
only on theory at the secondary stage but on both theory and prac-
tical at the senior/higher secondary stage through external examin-
ations. Certain well-defined trends have emerged in this area. The
chief among thesc arc: the evaluation of both the process as well as
the product of performance, wide coverage of shills instead of limit-
cd coverage, and more objective scoring instead of arbitrary and sub-
jective scoring.

There is also an annual internal examination conducted by in-
dividual schools at the cnd of cach academic session and periodic
assessiment.  On the basis of their achievement in annual and periodic
tests, students arc promoted from one class to the next.

Laboratory work and equipment

Time allocation for practical work. At primary level, the cur-
ricula developed and implemented both at the national and state
levels, laid special emphasis on the peiformance of activitics by
pupils for leaming science. Most of these activities are, however,
related to the child’s own environment.  All learning of science at
this stage flows from the concrete experiences gathered from the
activities in the environment. Thus, the child’s activitics are fully
tegrated with the leaming of science.  As such there is no separate
allocation of periods for practical work and theory at this stage and
the teacher is free to organize practical ectivities for childrer - _cord-
ing to the requirements of the topic.

For the middle level, the ‘Cuniiculum for the ten year school—a

framework’ advocates:

For the teaching of science, there should be a gradual
introduction of contrived situations.  The students
should handle scientific apparatus and perform experi-
ments. Demonstrations by the teacher interspersed watl:
questions and answers should help to establish the pro-
perties of substances or causc-cfiect reiationships. Con-
crete experiences gained through demonstrations or
through experimentation by the pupils will help the
understanding of theory,
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In keeping with these guidelines, NCERT has developed an
integrated science curriculum for which textbooks entitled Learning
Science: Parts I, II, Il have been developed. An integrated science
kit has been developed to enable the teacher to demonstrate. In
some cases the pupils also perform experiments.

At the secondary level about 30 per cent to 35 per cent of total
time devoted to teaching science should be available for practical
work. A single textbook containing courses in physics, chemistry
and biology, entitled Science Part I (for Class IX) and Science Part II
(for Class X) has been so developed that teac! ing and learning in
science is not dependent on the availability of a formal laboratory
and sophisticated equipment.

At the senior secondary level, practical work is no longer con-
fined to verification of laws such as Boyle’s law. Open-ended experi-
ments have been introduced. Project-work has been added in physics.
Some environmental investigations in chemistry have been introduc-
ed. Process skills are being given importance in practical work.

The approach of teaching at the +2 stage is based on experiment
and enquiry. However, laboratory facilities being limited in schools,
it has not been possible to organize adequate laboratory work and to
link practical work with theory.

Examination in practical work. Practical work is an examinable
subject at the end of secondary and senior secondary stages for
schools affiliated to the Central Board of Secondary Education,
Delhi. The position in the states differs from Board to Board. In
some, it is -xaminable only at the senior secondary stage, whereas in
others, practical work is not examinable at all.

At the senior secondary examination of the Central Board, 30
per cent marks are reserved for practical work and 70 per cent for
the theory paper in physics, chemistry and biology. The position is
more or less the same at the secondary level and in other state Boards
where practical work is examinable.

Availability of science equipment. Although sciencc is a com-
pulsory subject in the first ten years of schooling, some schools do
not have provision for teaching ccience through practical activities.
Even where such provision exists, science is not necessarily taught
using apparatus. Even if science equipment is availabl~ in schools, it
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may not be adequate for teaching the subject. Under the UNICEF-
Assisted Science Education Project science kits have been supplied
to some schools.

School science equipment is available from indigenous sources
and some apparatus is exported to neighbouring countries. The
Indian Standards Institution has prescribed specifications for many
items of school science equipment.

The workshop department of NCERT is involved in designing
and producing kits of apparatus required for the primary and middle
stage of education. There are also private manufacturers who manu-
facture science equipment for all stages of education.

Some aspects of work relating to the production of equipment
undertaken in the Workshop Department of NCERT are:

i) Planning and development
— Designing a kit/piece of equipment;
— Developing a prototype;
— Try-out in actual classroom conditions;
— Modifications in the light of feedback received.

it) Production and dissemination

— Preparation of blueprints;

— Limited production of science kits/equipment;

— Preparation of a kit manual and film on the use of kit;

— Training key personnel from states in the use of science
kits and in the inspection for quality control;

— Supply of kits to states on request;

— Supply of blueprints to states and private manufacturers.

Educational technology

Realizing the importance of the use of audio-visual techniques
in education, the Government set up a unit for the production of
visual aids in the Ministry of Educatiun. In 1951, a Conference on
Audio-Visual Education was vrganized. It recommended the estab-
lishment of a National Board of Audio-Visual Education to lay down
policies for the development of audio-visual education in the country
and to perivdically assess the progress achieved in this ficld in the
states and at the centre.
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The importance of audio-visual education was accepted by the
Government of India by inclusion of audio-visual programmes in the
various five-year plans and also by setting up the National Institute
of Audio-Visual Education in 1359. The Institute was housed in
specially built premises, with an excellent auditorium in New Delhi.
It organized training for leaders at the state level, produced inexpen-
sive AV materials including films and film-strips, and provided exten-
sion services, through the circulation of films, film-strips and distri-
bution of audio-visual literature. In 1961 the National Institute of
Audic-Visual Education becarae a constituent department of the
National Institute of Education of NCERT and in 1969 it was re-
named the Department of Teaching Aids (DTA) of NCERT.

In the early 1970s a Centre for Educational Technology (CET)
was established within NCERT, with technical assistance from
Unesco. This centre, working at the national level, was given the
main responsibility of preparing suitable programmes for school level
to be used under a distance learning project: CET has been closely
associated with the planning of school broadcasts and the school
programme for the Indian Satellite INSAT (1980). Using two-hour
school programmes through INSAT, viewed in thousands of elemen-
tary schools, the science syllabus was fully covered through well
planned ETV lessons prepared in advance. Usc was made of special
teaching aids including educational films, tape/slides, film-strips and
graphic aids, already prepared for the purpose, by the DTA.

Besides curricular topics, several other themes related to science
and of vital importance for national development such as ‘Health and
Nutrition’, ‘Population Education’, ‘Environmental Fducation' have
been covered through INSAT. With increased local production of
TV sets, more and more schools and communities have benefited
from such programmes.

During the 1970s, production of cassette tape-recorders in-
creased considerably and they became available to teacher training
institutes and even some schools. However, not every school bene-
fited since good quality cassette tapes were still imported and
expensive.

Transistorized radio sets operating on dry cells or mains electri-
city came within the reach of the majority of schools because of easy
availability and low cost.
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Fundreds of training college teachers, key persons of AV units
in states, school-teachers and others interested in the field of educa-
tional technology and in science education have been trained during
the last three decades. Today all states and union territories have
educational technology units. These units are well equipped with
hardware such as 16 mm sound projectors, overhead projectors and
35 mm film-strip/slide projectors.

In some states, 10-25 per cent of secondary schools have a
reasonably good collection of AV aids managed either by a science
teacher or a teacher specially trained for the purpose.

Teacher training

Qualifications of teachers. The non-availability of qualified,
trained teachers to work in schools is one of the crucial problems
experienced in the context of educational development in the coun-
try in the pust-independence period. This problem is more acute in
the case of science teachers because of qualitative expansion of edu-
cational facilities; the introduction of science as a compulsory sub-
ject up to Class X; and the rate of the knowledge explosion and
consequent updating of science syllabuses.

For a primary school teacher, the mizimum qualification is
matriculation or a secondary certificate followed by ai Elementary
Teachers Training Certificate after a course of two years duration.

For the middle school stage the minimum qualification is the
senior  (higher) secondary certificate followed by the Elementary
Teachers Training (two-ycar) certificate. In the Union Territory of
Delhi und in sume other states, graduation with a teacher training
degree is required for this level.

For secondary school teachers, the minimum qualification re-
quired is a Bachelor’s degree fullowed by one-year professional
training in a secondary teachers’ training college.

The minimum qualification for the senior/higher secondary
stage is 4 post-graduate degree in the relevant subject followed by
one-year professional training in a sccondary teachers’ training
college.

It can be scen from the table that a high proportion of teachers
are still inadequately qualifie?. Efforts have been made both at the
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Tabkle 4. Distribution of teachers working in
recognized institutions

(Figures in thousands)

Total No. Nec. of No. of science  No. of science
Stage of working  teachers teachers com- teachers not
teachers teaching petent to teach competent to
science science teach science
Primary 1,500 1,230 1,080 150 (12.2%)
Middle 580 260 240 20 (7.7%)
Secondary 380 95 79 16 (16.8%)
Higher/Senior
Secondary 120 30 9 21 (70%)

national and state leveis to overcome this deficiency through the
organization of summer institutes for in-service teachers (1964~
1977); a crash programme for teacher training (early 1970s); the
UNICEF-Assisted Science Education Project (SEP) for primary and
middle teachers (1967-1978); post-graduate diploma courses for
teachers of secondary and higher secondary levels in various states
(1970s); distance learning (SITE, Open School-mid 1970s); and the
establishment of centres of continuing education (late 1970s).

Pre-service training. The weak points of the prevailing system
of teacher education have been highlighted from time to time by the
‘University Education Commission’ (1949), the ‘Secondary Educa-
tion Commission’ (1953), the ‘International Tearn on Teachers and
Curricula in Secondary Schools’ (1954) and by the ‘Education Com-
mission’ (1964-1966). According to these reports training institu-
tions for primary and secondary teachers, by and large, have remain-
ed isvlated from the main stream of the academic lifz of the univer-
sity as well as from the daily problems of the schools. Competent
staff are not attracted to these institutions. Vitality and realism are
lacking in the curriculum, and the programme of work continues to
be largely traditional. Set patterns and rigid techniques are followed
in the practice teaching.

To provide a siructural base for facilitating desired changes in
the existing system of teacher education, the Government of India
established the National Council of Teacher Education (NCTE) in
1973. The Department of Teacher Education of NCERT acts as the

67

33




E

Q

RIC 39

Aruitoxt provided by Eic: 7

Science education in Asia and the Pacific

secrccariat to the NCTE. This is now the key body planning pro-
grammes of teacher preparation both at the pre-service and the in-
service level. The document Teacher education curriculum—a frame-
work (1978) prepared by NCTE provides guidelires on the various
aspects of teacher education and incorporates many suggestions for
improving the quality of teacher education in the country.

The traditional curricula were loaded more with topics such as
philosophy of education, educational psych»logy, sociology of edu-
cation; content and methodology being almoust non-existent. In the
suggested course structure, the components of: pedagogical theory,
working with the community, content and methodology, including
practice teaching and related work, have been modified at all stages
of teacher education. The respective weightage distributed among
these areas is 20 per cent, 20 per cent and 60 per cent respectively.

It should be noted, however, that a large number of teacher
training institutions are under the administrative control of the dif-
ferent state governments. Therefore the suggestions of the NCTE
have still to be implemented in most of the states.

The total number of primary and secondary teacher training
institutions in India is 1,059 and 494 respectively.

In-service training. To sustain the quality of teacher education
it is essential to provide refresher courses in content and method-
ology. In-service education programmes for teachers are organized
by the extension departments of teacher training colleges. The for-
mer Directorate of Extension Programmes for Secondary Education,
Government of India and later the Department of Extension and
Field Services (NCERT) also organize seminars, workshops and orien-
tation courses for the teachers. Thousands of science teachers and
teacher educators involved in the Science Education Project for im-
proving science teaching were also specially retrained by the Degart-
ment of Science Education (NCERT).

The University Grants Commission (UGC) in collaboration with
NCERT and USAID organized summer institutes in science and inter-
mediate colleges between 1963 to 1977. NCERT took over the
responsibility for organizing summer science institutes at school level
from the UGC from the summer of 1972. With the introduction of
the 10+2 pattern of school education, there arose an urgent need for
intensive in-service education for science and mathematics teachers
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to handle the new curricula effectively. Accordingly, each year for
r three years (1975 to 1977), about 100 summer science institutes,
each for 50 teachers, were organized to cover all the teachers at
secondary and senior secondary stage using the new curricula.

In spite of the above efforts the need for a permanent infra-
structure for in-service education on a continuing basis was strongly
felt. This resulted in the setting up ot State Institutes of Education
and State Institutes of Science Education in states and union terri-
tories. While the State Institute of Education looks after the in-
service training of elementary teachers the State institute of Science
Education is responsible for secondary and senior secondary science
teachers. More recenily, the State Councils of Educational Research
and Training (SCERT), a counterpart of NCERT at state level, are
being gradually established in the states by merging all such in service
teacher education institutions.

In 1977 at the national level, NCERT launched a scheme of
‘Centres of Continuing Education’ for secondary teachers and pri-
mary teacher educators to provide an infrastructure for in-service
teacher education on a continuing basis. These centres conduct
short-duration courses (about 30-40 hours) not only for science
teachers but for other subject teachers also. After the launching of
this scheme, the summer science institute programme (NCERT) ceas-
ed. Initially about 100 centres have been set up, each catering to the
needs of the teachers in two or three adjoining districts.

Yet another project for providing training to science teachers
and teacher educators in improred methods of science teaching is the
‘All-India Science Education Project’ undertaken in 1980-1981. It is
a collaborative project between the National Government and the
British Council and is being implemented by NCERT on behalf of
the Government.

Under this project a number of science teachers teaching phy-
sics, chemistry or biology at the +2 stage anu teacher educators pre-
paring teachers for the +2 stage are awarded fellowships at the Centre
for Science Education, Chelsea College, London, for a period of nine
months. The teachers who return after training are used as resource
persons for conducting post-training workshops in the states to
which they belong. Through these workshops, they train more
teachers in advanced methods of science education.

69

ERIC 100




ERI

Aruitoxt provided by Eic:

Science education in Asia and the Pacific

Every year two or more states or union territories are identified
for the award of feliowships. The project is at present scheduled to
continue until 1985-1986.

Research in science education

Research is almost restricted only to the development of instruc-
tional materials, methodology of teaching and the resources and
facilities available in schools for teaching science. Moreover research
conducted on these problems in univer..., departments of education,
teacher training colleges or the NCERT is not disseminated properly.
A wide communication gap exists not only between research centres
but also within individual centres. No journal of standing, devoted
exclusively to research in science education, exists. Some investiga-
tions are published in national or international educational journals
but most workers and consumers in India «re unaware of their
findings.

Science education as a separate department does not exist in
any of the universities. Most research work in science education at
Ph.D. level is accepted under the faculty of educaticn. Perhaps the
non-existence of a separate department of science education is one of
the main reasons for such poor quality of research related to science
education. About 400 studies have been reported in the field of sci-
ence education at the Ph.D. and M.Ed. level in various universities of
the country. Out of these, only 271 studies have been classified into
different areas as detailed below.

Curriculum 36
Methods of teaching science 14
Instructional materials 49
Evaluation 156
Teacher education 16

It is evident that little attention has been given to research in
science education and the research that has been carried out is, in
general, unplanned and, perhaps, not directly and functionally
relevant.  As such, it has perhaps not made significant impact on
science education in the country.
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Programmes for out-of-school youth and adults and populiarization
of science and technology

The need for a uriversal scientific literacy had been felt by
many eminent Indian scientists and educationists long before inde-
pendence.  The ‘Indian Association for Cultivation of Science’
established in 1876, the ‘Prasharan Movement’ in Mysore and the
‘Nav Jeevan Samaj’ in Gujarat carried out non-formal science teach-
ing for the out-of-school populace, the latter undertaking non-formal
teaching of agriculture and its practical application.

After independence, the first model science club, ‘Science for
Children’, was set up in Calcutta during the late 1950s with a view
to stimulating, an interest in science. The Vikaram A. Sarabhai
Community Science Centre, was founded by local initiative in
Ahmedabad in 1963. In addition to the science programmes for
children, this Centre runs several community-oriented programmes in
science and technology for the ordinary citizen. It also brings out
periodically, a wall science newspaper and publishes mini-books on
science for everyone,

The ‘Indian Association for Extra-curricular Scientific Activities
(IAESA)’ was founded in 1968. Besides other activities, IAESA
organized the first All-Indix student fair in 1970 in collaboration
with the Indian Science Congress Association. In co-operation with
NCERT, IAESA organized a Unesco regional seminar for leaders of
youth science activities in Asia. The World Wild Life Fund (India)
helped in developing wild-life clubs in schools. This has helped to
create awareness for the preservation of wild-life.

Science 1auseums. The Council of Scientific and Industrial
Research, New Delhi, set up the first science museum in 1959 in
Calentta known as ‘Birla Industrial and Technological Museum’
(BITM) and established similar museums in Bangalore (1965);
Bombay (1977) and Patna (1978). These museums were transferred
later to "he National Council of Science Museums under the Ministry
of Education. Besides the exhibits in the museums, they have mobile
science vans to bring science and technology to the rural areas.
There are also two ‘District Science Centres’ attached to Bangalore
museum, and two to BITM, Calcutta. These centres cater for the
needs of the people of the respective districts. Exhibits in these
museums cover the subject area of travel and also show the contem-
porary technological developments of the country. Recently a
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‘National Museumn of Natural History® has been set up in New Delhi
to provide an historical perspective of the progressive use of science
and technology by mankind.

Another prominent science museum for creative activity is the
Birla Institute of Technology and Science at Pilani, Rajasthan. This
is not only an excellent museum, it also trains science teachers in the
setting up of science clubs and science museums in schools.

In Calcutta and Bombay, there are planetaria for the public.
The Jawahar Lal Nehru Memorial Fund is establishing a large plane-
tarium in Delhi. Besides these, there are small planetaria for the
public in a few other cities.

Bal Bhawans and science clubs. Today it is generally accepted
that the teaching and learning exercise cannot be confined to a
school classroom. Therefore, institutions have been set up to provide
children with the experiences and opportunities that are beyond the
scope of the usual academically-oriented curricula, and yet are vitally
important to the physical, mental and emotional growth of the child.
Jawahar Bal Bhawan  are such institutions in India, named after the
late Pandit Jawahar Lal Nehru, the first Prime Minister after indepen-
dence. There are 12 such institutions. Facilities exist in these Bal
Bhawans for science activities such as animal clubs, including care of
live animals, plant clubs including gardening, weather clubs, radio
clubs and the like. In addition, Bal Bhawans have facilities for the
creative development of arts, music, dance and drama.

In addition, there are a number of government aided science
clubs which organize symposia and seminars on science topics, essay
competitions, debates and lectures by eminent scientists. Children
can also take up project work in science, develop models and collect
insects and flowers in these science clubs.

Science fairs and exhibitions. Inspiratior. for round-the-year
activities is provided by science fairs which are periodically held at
district, zonal and state levels and culminate in the national level
exhibition which is held annually. Also, the science exhibition in
individual schools has become a regular feature.

The first National Science Exhibition in the country was organ-
ized by IAESA in 1970. In the following year the National Science
Exhibition was organized by the University Grants Commission
(UGC) and NCERT. Subsequent national exhibitions have been
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organized by NCERT in collaboration with the Jawahar Lal Nehru
Memorial Fund (JNMF). The exhibition is called the ‘National Sci-
ence Exhibition for Children’, and involves almost all States and the
Union Territories. Scientific films are shown by the organizers and
eminent scientists are invited to deliver lectures during the exhibi-
tion. Some universities, public sector organizations and selected
science clubs and museums are also invited to bring their exhibits.
This has resulted in interaction beiween the schools and professional
organizations.

Selection of exhibits for the national level is made from among
the best district level science exhibits displayed in the state exhibi-
tions: Exhibits based on rural technology are given prominence.

Talent search. An important part of the total programme under-
taken by NCERT with direct relevarce to the country-wide spread of
scientific culture, is identifying and developing scientific talent at
various stages of the secondary and senior secondary schools. Since
its inception in 1964 and until 1976, NCERT operated what was
known as a National Science Talent Search Scheme to identify pupils
with a marked aptitude for scientific studies. Up to 1976 the search
test was conducted annually in all states and union territories for
those students who were at the eleventh year of their schooling.
With effect from 1977, NCERT enlarged the scope of the scheme. In
addition to basic sciences, the scheme, now known as the ‘National
Talent Search Scheme; includes social sciences and professional
courses, such as medicine and engineering. The tests are held at three
different stages, namely Classes X, XI and XII. Classes X and XII are
terminal stages for the new 10+2 school pattern and Class XI is the
old higher secondary pattern which is still being followed in some
states. Five hundred and fifty students are selected through a com-
petitive process every year. Students are selected through a general
mental ability test, an aptitude test and finally through an interview.

A science talent search programme is also carried out by non-
governmental organizations. The Jagdish Bose Science Talent Search
Scheme (Calcutta) offers 20 awards for science and technology
students in tne State of West Bengal. The Union Territory of Delhi
and the State of Rajasthan conduct Junior Science Talent Search
Examinations for students in Class IX and award scholarships to
selected students for two years.
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Science magazines, journals, newsletters and newspapers. Lead-
ing national daily newspapers have a weekly children’s forum
through which scientists communicate with children. In addition,
local newsletters of limited circulation are published by hundreds of
voluntary organizations which are actively engaged in out-of-school
scientific activities.

There are also some very effective and widely circulated jour-
nals which are enjoyed by students in schools. There are a number
of science magazines published in regional languages in various states.

The NCERT, National Book Trust, Children’s Book Trust, and
the Publications Division of the Government of India have also devel-
oped several supplementary reading materials in science for children.

Non-formal education. Many children in the age group 6-14
cannot afford to attend formal school for five or six hours during the
school day as they are either helping in productive work on the
family farm or are compelled to undertake domestic work. To help
such children, there are 17,000 non-formal education centres for
primary level and about 3,000 centres for midd!z level throughout
the country. Some of these centres are using the same syllabuses and
textbooks as used in the forma: schooling; some use different types
of instructional materials which are more relevant to the environ-
ment. The simple aim is to improve functional literacy and to pro-
vide guidance on basic aspects of science such as health and hygiene.

Science and technology for women. The application of science
and technology for the improvement of the life and status of women
depends on the development of home technology, suitable agricul-
ture technologics and technology for improvement of productivity.
In the Sixth Five-Year Plan considerable importance has been given
to these areas for women. There are at present 11 agencies through-
out India working for women’s education and about 300 at the local
or state level. They are concerned mainly with the development of
crafts and functional literacy.

Science information and educational programmes on Indian
television. There are 20 centres and 21 low-power transmitters for
television. Indian television includes a regular fortnightly series on
science which is telecast from all centres. Some centres also produce
and broadcast, periodically, special science programmes of their own.
Through the national network the programmes are transmitted in
English and Flindi at prime viewing time.
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Programmes related to environment, health. nutrition and
various aspects of agriculture are independently transmitted in re-
gional languages from various centres. Science related topics also
figure in special audience programmes like programmes for children,
youth programmes and programmes for housewives. There are also
special programmes on the problems, duties and rights of citizens and
these sometimes include information on subjects related to science
and technology such as electricity and water supply and sewage dis-
posal. There are, in addition, several programmes from foreign TV
companies on science subjects such as wild-life, evolution of human
socicty, under-sea exploration, geology and mountain vegetation.

A project, the ‘Satellite Instructional Television Experiment’
(SITE) was carried out by the Government of India during 1975-
1976 in collaboration with the United States Government. Under
this project 48,000 primary school teachers were trained in one year
both in the content of science and the approach to teaching science.
This proved to be a very effective method of training teachers and
the evaluation report of the project proved favourable.

Current innovations

Innovations in curriculum development. Since 1975 a number
of innovations have been introduced in curriculum development in
science education.

Using the environment and local resources for science education
at the primary level. An innovative project was started in 1975 with
the specific aim of helping states develop a ‘Teacher’s handbook' for
using the environment and local resources for ‘eaching science at
primary level. Four zonal workshops were held in which the major-
ity of states and uniun territories participated. As a result of these
workshops, guidelines were prepared for states to develop a teacher’s
handbook based on their own syllabus and environment. The hand-
book was tried out in a limited number of schools by the States
concerned and revised.

Environmental studies for Classes I-V'. This innovative project
began as a follow-up of the recommendations contained in the docu-
ment ‘The Curriculum for the Ten-Year School-A Framework’.
Under the project, a teacher’s guide for Classes I and II was develop-
ed. There are no textbooks for Classes I and II. For Classes IIl to V,
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a textbook and a teacher’s guide has been prepared for each class.
The approach to the content is very flexible varying from one local
environment to another, and there is no emphasis on coverage of
specific content.

Pilot project on nutrition and health education and environmen-
tal sanitation at primary level. About 50 per cent of total deaths of
India occur within the age group 0-14 years. The major causes of
this high infant and child mortality rate are malnutrition and infec-
tion. This is largely due to ignorance of nutritional facts and to
undesirable practices and beliefs. The importance of nutrition and
health education in this context cannot be overstressed.

With UNICEF assistance a scheme was launched to develop a
functional nutrition, health education and environmental sanitation
programme for the primary school. Tc implement the scheme five
Regional Centres were established. A package of instructional mate-
rials in the regional language was developed by each centre through
basic experiments and teaching guides on food and health habits.

The instructional package developed in each centre includes a
syllabus, reading materials for pupils of Classes III-V, a teacher’s
guide, a teacher training school syllabus and raference manual.

Hoshangabud Project for science teaching through discovery
approach. Under the guidance of an eminent scientist Prof. Anil
Sadgopal, a project from the grass-roots level began in 1972 in
Hoshangabad (Madhya Pradesh). Its main aim was to conduct a field
survey and develop strategies and instructional materials for teaching
science through the discovery approach in rural schools. In the first
phase, 16 schools in the ‘Development Blocks' of Hoshangabad and
Bankhedi were taken up. This project was run in collaboration with
Delhi University and the Tata Institute of Fundamental Research,
Bombay. It was funded by various sources, including the UGC.

In 1978, the project was expanded to cover 208 schools. At
this stage, NCERT provided funds for the supply of science Kkits to
the schools. For this, a unit was set up at the Regional College of
Education, Bhopal to procure and supply equipment. After expan-
sion, the total responsibility of the project is now with the Director-
ate of Education, Madhya Pradesh.

76




India

Innovations in teacher training

a) Satellite Instructional Television Experiment. The Satellite
Instructional Television Experiment trained 48,000 primary teachers
in science contcnt and methodology during the course of one year.
Normally it would have taken the country ten years to carry out the
same training task.

b) Centres for continuing education. About 100 centres have
been opened throughout the country for conducting short-duration
courses not only for science teachers but other teachers as well.

c) Orientation of in-service teacher education personnel in
environmental studies. For the successful implementation of en-
vironmental studies at primary level a need was felt for in-service
training of practising teachers. Key-persons from states who were
expected to organize in-service teacher training programmes, were
oriented under this programme. The innovative aspect of the pro-
gramme was the absence of formal lectures and orientation through
activities.

d) All-India Science Education Project. This project, in collab-
oration with the British Council, selects small group of teachers in
science s_bjects from different states to train annually at the centre
for Science Education, Chelsca College, Chelsea (London).

Programmes for locating and nurturing science talent. The
National Talent Search is a well established programme of NCERT
for sclection of about 500 students at three different levels in the
area of science as well u> humanities. Scholarships are available up to
Ph.D. level as well as for professional studies such as engineering and
medicine. Summer institutes are organized where those awarded
scholarship meet eminent scientists.

The Vikram A. Sarabhai community science cenire, Ahmeda-
bad, undertakes teacher training programmes and runs community
programmes. Students are given facilities to carry out experments
and try out new ideas. The open laboratory on Sundays and the
‘Science Playground’ are big attractions. O
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INDONESIA

Indonesia is located between two continents, Asia and Australia,
and between two oceans, the Pacific and the Indian Oceans. The
land area is 5,000,000 square kilometres consisting of 6,000 inhabit-
ed islands. Approximately two thirds of its region are inland seas.

According to the 1980 census, Indonesia has 147.3 million
people. There are 25.5 million primary school age children (7-12
years), and 21.8 million secondary school age children (13-18 years).
Almost all types of education are administered and supervised by the
Ministry of Education and Culture; but about 10.7 per cent of the
7-12 year olds are under the supervision of other ministries, especial-
ly the Ministry of Religion. Many schools are administered by
private social bodies but technically they are supervised by the gov-
ernment and they have the same curricula as the public schools. In
1983, 93.9 per cent of the 7-12 year olds were in primary schools,
37.9 per cent of the 13-15 year olds in junior secondary schools and
22.1 per cent of the 16-18 year olds in senior secondary schools.

Efforts of the government and private bodies to increase school
enrolments are continuously made, so that within a short time it is
hoped that all 7-12 year olds can be accommodated in primary
schools. Secondary school and university enrolments will be increas-
ed by establishing new schools and universities. For example, in
1983, the government was building 1,000 new junior secondary
schools throughout the country.

At present, the government places a high priority on education.
In the 1982-1983 annual budget, the educational and cultural sector
has the highest expenditure compared with other sectors. Science
and technology for national development are also given high priority
in the decrees of the People’s Consultative Assembly.

In-school education

The school structure. The:e are five lewels of school:
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a) Pre-school or kindergarten. This level of education is for
children 5 or 6 years of age and lasts two years. Pre-school
education is not a prerequisite for entering primary school;

b) Primary school. This level is for children & years or older.
Children older than 7 years are given priority. Primary
school extends for six years. For those who are over-ag: for
primary school, non-formal education is an alternative.

Table 1. The school system

Pre- . Jr. Sec. Sr. Secondary Univer-
school Primary School « School " i« School » (sity
Level l General I I Gencral !
R
Economics
': €
" e e mgs ]
- —>8- 55 E%— Home cconomics Home economics i |
]
B H H K
Technical Technical !
B H H ]
Normal b
!
]
Sports normal |
:
4
{
i
Official Age Others :
Bracket 3
A5 C
-5 189 w0m12 18 14 15 16 J7 18 19
t Pre-school (Kindergarten) %% : Primary School
% : Junior Secondary School D : Senior Secondary School

c) Junior secondary school. Schools of this level are divided
into general and vocational consisting of technical schools
and home economics junior secondary schools. The number
of vocational schools is very small (only 4 per cent) compar-
ed with the general junior secondary schools 96 per cent.
The duration of schooling in each type is three years.
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d) Senior secondary schools. The senior secondary schools are
also of two types: general and vocational consisting of tech-
nical senior secondary schools, economics senior secondary
schools, home economics senior secondary schools, normal
schools, and the sports normal school. The ratio between
general schools and vocational schools is almo.t balanced
(55:45). Generally this level of schooling lasts three years.

¢) Higher education. Higher education comprises universities,
institutes, academies, and polytechnic . It lasts between 3
and 11 years.

Enrolments per level of school. Although compulsory educa-
tion has not yet been implemented in Indonesia, the government,
ever since the First Five-Year Development Plan, has tried to accom-
modate as many primary school age children as possible.

It is planned that compulsory education will be implemented in
the Fourth Five-Year Development Plan which starts in 1984-1985.
With efforts to increase school capacities annually, the number of
students in schools also increases.

Table 2. Types of school, number of schools, number of
students and their percentages for 1980-1981

Types of No. of {Percent{ No.of Percent- Explanation
school schools ages students ages

Kindergarten 17,688 - 894,915 - Almost all are

private schools

Primary 105,485 —- 122,487,053 -
Junior secondary: 10,956 - 3,412,116 -
General 10,516 | 96.0 | 3,328,582 | 97.5
Home economics 135 1.2 11,831 0.4
Technical 305 2.8 71,703 2.1
Senior secondary: 4,901 - 1,754,495 -
General 2,703 | 55.2 { 1,036,016 | 59.0
L.conomics 710 | 14.5 229,140 | 13.0
Home economics 173 3.5 23,640 1.4
Technical 674 | 13.2 233,675 | 13.3
Normal 579 | 11.8 213,155 | 12.2
Sports normal 62 1.2 18,869 1.1
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Science education

Structure. Science education is included at each level of educa-
tion from kindergarten to senior secondary school. Science at kinder-
garten level is about understanding the environment. The scope
broadens through grades I to III of primary school. From grades IV
to VI, general science is introduced which includes the atmosphere,
soil and rocks, plants and animals, various kinds of power, heat, light,
sound, electricity, magnets, the human body, the solar system, com-
munication, vehicles, and matter and its nature.

At junior secondary school, particularly in the general secon-
dary school, science is taught from grades I to III to expand and
deepen what has been learned in primary school and new topics such
as radio-activity are added. General science is taught for the first
semester at senior sccondary school but streaming is introduced after
that. The three streams in general senior secondary schools are
science, social science and language. The science stream is sub-

divided into physics, chemistry, biology, and earth and space sciences.

In the social science stream, the science subject matter is a minor
elective programme along with drawing and foreign languages, where-
as the language stream does not include any science in its curriculum.

Of the three streams, the science stream has the highest number
of students. The language stream is least popular, and, therefore,
most general senior secondary schools have only the science and the
social science streams. Both parents and students, generally, favour
the science stream because its graduates have more opportunities in
the choice of work or school for further studies as compared with
social science or language graduates.

At the vocational senior secondary school, science is offered in
accordance with the nature of the skills being taught.

Time allocation. The total average of class periods for science
per week is given in the following table for each level of school. The
average percentage hours of science is also included.

In the general senior secondary school, there is also skill training
as an elective supporting subject. If this subject is selected to sup-
port the science stieam, the number of science periods per week
becomes 14 class hours or 37.8 per cent. At the general junior secon-
dary school if skill training neriods are used to support science, then
the total science periods become seven class hours per week or 19.0
per cent. 81
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Table 3. Average number and percentage of science
class periods per week

Types of Average science  Average percent-
school class periods age of science Remarks
week class periods

Kindergarten 5 I2.5

Primary 3 9.4

General 4 10.8

Home economics - -

Technical - -

General 9 24.3 Specially for science
stream

Economics n.a. 0.0

Home economics 2 5.0 Up to grade II only

Technical 3 7.5 Depends on the
stream and is up to
grade II only

Normal 2 5.0 Primary school stream
for non-science major

4 9.2 Primary school stream
for science major
2 5.0 Kindergarten stream

Sports normal - -

Curriculum aspects

The implementation of the present curricula have been carried
out during the past five years. The primary and secondary school
curricula were completed in 1975, and since then, all primary and
secondary schools have used these curricula. The vocational curricula
were completed the following year.

Objectives of science teaching. The objectives of science teach-
ing for each type and level of education are as follows:

Pre-school or kindergarten. The pupils are: (a) to know about
nature; (b) to maintain and utilize the environment and to avoid its
dangers, {c) to appreciate the cleanliness of their budies and personal
objects; (d) to love animals and plants; (e) not to be afraid of animals,
plants and natural phenomena; and (f) to believe in the Creator.
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Primary school. The pupils are to: (a) know, understand and be
able to apply some useful basic concepts of science; (b) know and
understand mutual relationships among various kinds of living beings
and concrete things as related to human life; (c) acquire skills
through employing scientific methods to solve simple problems faced
in daily life; (d) develop scientific attitudes; (e) be aware of the im-
portance of science for the country and national development; and
(f) appreciate nature and glorify the Creator.

General junior secondary school. The students are to: (a) under-
stand basic science concepts which are useful for everyday life; (b)
master science as an asset for further study and to utilize progress
in technology; (c) be skilful in applying scientific methods to under-
stand natural phenomena based on their laws and their inter-relation-
ships; (d) develop scientific attitudes; (e) be responsible for maintain-
ing their environment; and (f) love nature and glorify the Creator.

General senior secondary school. The students are to: (a) have
scientific knowledge in physics, biology and chcmistry, as a means of
continuing their studies and living in society; (b) know the existence
of relationships between science (including physics, biology and
chemistry) and vther disciplines, (c) be skilful in applying scientific
methods to solve problems; (d) develop scientific attitudes; (e) be
aware that science (including physics, biology, chemistry, earth and
space science) influences the way of life and thinking of society; and
(f) love and glorify the Creator.

Teacher training. Student teachers are to: (a) know and under-
stand the concepts of science which are closely related to human life
and the needs of teaching in primary school and kindergarten; (b)
have knowledge about human effort in using the environment to
meet the requirements of life with healthy surroundings; (c) have
knowledge about interactions between living beings and their sur-
roundings; (d) have skills in conducting experiments in science and in
applyir , “cientific methods to solve simple problems in science; (¢)
have 5., "i> in methods of teaching science at the primary school level;
(f) develop scientific attitudes; and (g) love fellow human beings, the
universe and glorify the Creator.

Organization of science curriculum. At the primary school and

kindergarten levels, the science content is general in nature; the stress
is on environmental science. At the junior secondary school level,

83

ERIC 114

IToxt Provided by ERI




Science education in Asia and the Pacific

science is divided into physical science, life science, and earth and
space sciences. Physical science covers physics and chemistry; life
science covers biology; and earth and space sciences comprise astron-
omy, geology, geophysics and meteorology. At the senior secondary
school level, in the general senior secondary school for instance, sci-
ence is taught as physics, chemistry, biology, and earth and space
sciences for the science stream, whereas for the social science stream
it is not presented as separate subject matter but as several selected
topics which may help students to understand those natural pheno-
mena most closely related to daily life.

Mechanism of curriculum development. Educational activities
in Indonesia are still very much decided by the Ministry of Education
and Culture in Jakarta. The development, monitoring, and evalu-
ation of curriculum implementation are handled by the relevant
Directorate Generals in the Ministry of Education. In particular, the
development and evaluation of the school curricula from kinder-
garten to senior secondary school are the responsibilities of the
Curriculum Centre of the Office of Educational and Cultural Re-
search and Development. Various parties are involved in the develop-
ment of curricula, including experts in curriculum development,
educationists, subject matter specialists, experienced teachers, em-
ployers of graduates from industry, and agriculture and university
teachers.

These experts make use of results of educational researches
implemented in previous years (National Assessment of Education
Project in the First Five-Year Development Plan), and are guided by
the 1945 Constitution to develop the curriculum for each level and
for each type of school. The curriculum development is thus based
on ‘expert judgement’ not through a ‘pilot study’. Therefore, there
is only one kind of curriculum for each type of school; no alterna-
tives have been prepared.

Improvement of curriculum and development of new curricula.
The government has observed the present curricula in use for more
than five years and noted its strong and weak points. At the same
time opinions have been received from various users of the curricula,
expressed in meetings, seminars and articles in newspapers.

As a result, the Curriculum Centre of the Office of Educational
and Cultural Research and Development has implemented a phase I
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evaluation of all curricula used in each type of school. This evalu-
ation covers evaluation of objectives and content of curricula, pro-
cesses of curriculum implementation and the observed results. It will
be used as a base for short-term curriculum revision during the
Fourth Five-Year Development Plan. A phase II evaluation will be
implemented as a follow-up and this is intended for long-term cur-
riculum revision and to provide new conceptual and operational
bases.

Simultaneously with the implementation of the phase II evalu-
ation, the government will refine the work of the National Commis-
sion for Educational Reform. It is hoped that the two results can be
completed in the Fourth Five-Year Development Plan so that before
beginning the Fifth Five-Year Development Plan, the schools will
have already implemented the new curricula.

Examinations

To determine how far students have achieved the desired objec-
tives for each level and type of school, every teacher has to conduct
formative and summative tests. Furthermore, at the end of each
level of education final examinations are administered for certifi-
cation purposes. For those who wish to continue their studies to the
next higher level, there are entrance tests, because the number of
applicants is always larger than the places available.

The tests administered by teachers and those set at the end of
each level basically measure cognitive skills. Tests to measure the
affective domain in science education have not yet been developed.
Some schools, however, have included psychomotor skills in the
science tests.

Science activities, laboratory work and equipment

While all schools use the national curricula, the teaching is done
in the vernacular of each particular region.

As theory and practical work are designed to be integrated,
laboratory facilities, such as equipment and materials have been avail-
able for all schools, both public and private since 1979. The science
equipment is supplied as multi-purpose kits for primary schools
grades [ to VI.
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There are no science laboratories in primary schools, but almost
all public general junior high schools, have standardized science
laboratories and equipment provided by the Curriculum Centre. This
has the advantage of quality control.

Although equipment and material are sent by the centre, the
use of simple apparatus made of local material is always encouraged,
and the Curriculum Centre of the Office of Educational and Cultural
Research and Development is developing a guidebook on this aspect.
This centre also lays down some principles to be applied in the devel-
opment of equipment, namely, the apparatus should be in the form
of kits suitable for multipurpose experiments, and made of cheap,
local material. It should be made for the use of groups consisting of
three to eight students; and the working mechanism of the apparatus
(e.g., the way a galvanometer works) should as far as possible be large
enough to be seen by the students.

Only alimited range of equipment is imported, including micro-
scopes and electronic equipment. For the secondary level approxi-
mately 15 per cent of materials and equipment are imported.

Kits for the primary and general junior secondary schools are
designed by the Curriculum Centre in co-operation with the Bandung
Teacher Training Institute and a foreign consultant. From time to
time, consultative assistance is also received from the Indonesian
Institute of Sciences and the Bandung Metal Industrial Research
Workshop. Chemicals and equipment, which are not part of the kit,
are designed by a team consisting of representatives of the Director-
ate General for Primary and Secondary Education, the Bandung
Teacher Training Institutes and the Bandung Institute of Technology.
After the kits are designed, a model is developed, tried out and evalu-
ated. Then the model is offered to a private company for production
according to needs. The successful bidder is then responsible for the
procurement, packing and distribution of the materials and equip-
ment to the schools.

After the kits of science equipment and materials reach the
schools, the Curriculum Centre is responsible for monitoring their
use, followed by an evaluation, to determine any shortcomings. The
result is used to improve or modify the kits in the future. A Direc-
torate General for Primary and Secondary Education team also moni-
tors and evaluates the use of chemicals and equipment in schools,
especially those items which are not part of the kits.

86
117




Indonesia

Use of educational technology

The use of audio-visual aids in the teaching/learning process,
such as pictures, charts and graphics is generally widespread in
schools. These are either made or bought by the school, or provided
by the government.

The use of films as a teaching aid is, however, very limited.
Films about science are still very scarce, be they locally produced or
imported. In the big cities, science films can be borrowed from the
libraries of embassies or consulates, though in limited numbers and
types. Schools wishing to make use of this opportunity are still very
few. More sophisticated aids such as micro-computers are not yet
used in teaching in Indonesian schools.

Science teacher training

Generally, primary school teachers are classroom teachers who
have to teach all subjects for the class (except for religion and sports).
In secondary schools, teachers are subject teachers who generally
teach one subject only.

The minimum qualification for science teachers is a teacher
training graduate certificate or a teaching certificate. In the case of
primary school teachers, the normal school provides six years train-
ing after primary school. At the normal school students may choose
science as their major subject.

The minimum qualification for science teachers in general
junior secondary schools is Diploma I which is a four year training
course after general junior secondary school, and they must have
specialized in science for one year.

The minimum qualification for science teachers in general
senior secondary schools is a three year course after general senior
secondary school and, during these three years, they must have
specialized in one subject area. such as physics, chemistry or biology.

With the availability of the teacher training course, which is
equivalent to the normal school course, almost all primary school
teachers have currently reached the minimum qualification.

According to the school statistics issued by the Office of Educa-
tional and Cultural Research and Development in 1983, and based
on the 1981-1982 teacher data, the percentage of science and
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mathematics teachers who taught according to their educational
training are 87 per cent for the general junior secondary schools and
85 per cent for the general senior secondary schools. It is expected
that within a short time science teachers with inadequate educational
background will be upgraded through various government program-
mes. For example, there is a diploma programme for the supply of
secondary school teachers using a special development budget.

Apart from increasing the number of science teachers through
pre-service training, an intensive in-service training programme is be-
ing conducted for hoth primary and secondary science teachers to
improve their competence and skills. This in-service training is con-
dicted separately for each type and level of school. Primary teacher
in-service training is conducted by the Directorate for Primary Edu-
cation; vocational teacher in-service training by the Directorate for
Vocational Secondary Education; and in-service training for General
Secondary Education teachers is conducted by the Directorate for
General Secondary Education. Currently, particularly in the regions,
a number of teachers with non-science educational backgrounds are
being trained in this way. In the Third Five-Year Development Plan,
distance learning using modules has been developed for the in-service
training of teachers.

In the conventional in-service training programme for science
teachers, the teachers attend training centres for two weeks. During
this period, they develop 4 science programme which is then tried
out in schools for about six weeks. Discussions are held every Satur-
day under the guidance of tutors to improve the implementation of
the programmes. Then these same teachers get together again for
two weeks to discuss their experiences before returning to schools
for another four weeks. After this, the participants convene again at
the training centre for a week. During this time they improve the
programme developed in the light of experience in the field. Then
the participants return to their schools for another eight weeks and
finally gather again at the centre for a week. During this last week of
in-service training they evaluate the activities and further refine the
programme.

Research

Research has been carried out on various aspects of science
teaching in Indonesia related to primary school and the general
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Junior and senior secondary schools. Rescarch on teaching equip-
ment is especially focused on science equipment for practical work; |
for example, the development of science kits for the primary school
and the general junior secondary school. Research on improving
methods of teaching science is also conducted, particularly on sci-
ence teaching methodology through process skills. This research and
development of science kits, simple apparatus and process skills is
administered by the Curriculum Centre of the Office of Educational
and Cultural Research and Development, assisted by science educa-
tors from the Teacher Training Institute and the Directorate General
for Primary and Secondary Education.

At the same time, the teacher training institutes emphasize re-
search at the junior and senior secondary schools covering facilities
and the teachingflearning process. Research on facilities includes
science textbooks. Science lecturers at the Faculty for the Teaching
of Science and Mathematics scrutinize science books used at the
general junior and senior seccidary schools and the results are used
to suggest improvements, which may sometimes take the form of
supplementary books. The results are also used as discussion mate-
rial by the students of the faculty, who are being trained to teach at
the secondary school.

Another activity at the teacher training institutes is research on
the implementation of the teaching/learning process. In this research,
lecturers, assisted by students, discuss their findings in seminars.

Programme for out-of-school education, youth and adults to popu-
larize science and technology education

Activities intended to popularize science for both students and
youth and adults outside formal education have been conducted
through various media and cover several branches of science. There
arc various science activities, especially at the senior secondary
school level which have been carried out through extra curricular
programmes. These include science clubs at schools, such as the Club
of Nature Lovers; and the Amateur Radio Broadcasting Club. Occa-
sionally, these clubs arrange exhibitions which usually attract atten-
tion from the students of other schools, parents, and the community.

Science education has been presented continuously through
television. The aim of this programme is to increase the science
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knowledge of in-school as well as out-of-school youth. The program-
me is arranged by the Indonesian Institute of Science. Since 1969
this Institute has enriched the science education broadcasts by con-
ducting contests for youth on scientific achievements and creativity.
To date, there have been nine fields of study contested every year.
They include electronics, acromodelling, biology, physics, chemistry,
mathematics, environmental studies, applied technology and social
sciences. Each year the Indonesian Institute of Science announces
the contest titles which are open to all interested students. In 1982,
there were 1,400 participants.

When the total eclipse occurred in several regions in Indonesia,
the Indonesian Institute of Science co-ordinated the activities of
young people coming from provinces in Java, to conduct research on
the behavioural changes of living beings during the total eclipse and
also to observe social changes of human beings. The Indonesian
Institute of Science also arranged mobile scientific exhibitions to
provide information to the general public. As Indonesia consists of
thousands of islands, the Indonesian Institute of Sciences also con-
ducted marine camping activities with the purpose of making the
Indonesian youth love and like their country.

For the past six years, the Ministry of Education and Culture
has conducted science achievement contests for 12 to 21 year olds,
irrespective of their educational background and social status. Al-
though the implementation looks similar to that conducted by the
Indonesian Institute of Sciences, it has an entirely different philo-
sophical background. The difference is in the free choice of their
own scientific rescarch topics. This freedom elicits spontaneous
efforts from each participant free of any ties. Besides, based on the
papers submitted to the committee, scientists in Indonesia obtain a
picture of the scientific competence of the society. Selected young
inventors, 5 to 20 in number, are invited to Jakarta for interviews to
determine the best. These are not only given certification of merit
and prizes, but are also given a chance to visit Europe to attend the
Annual European Young Scientist Contest sponsored by Philips.

Current reforms

Of the many activities currently underway, three are empha-
sized as being of special significance. These are the development of
science teaching methods which are based on process skills; the
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implementation of science teacher in-service and on-service training;
and the Science Achievement Contest.

Efforts to improve the teachingflearning process is directed
towards changing the role of teachers sc. that they may lead students
to really understand the processes which occur in science. In this
teaching/learning process, the students are encouraged to ask many
questions, to conduct observations, to design and conduct research,
and to interpret and communicate the findings.

The in and on-service training programme has a great impact on
changes in science teaching in secondary schools. For one semester
(16-17 weeks), a science teacher continuously obtains guidance and
directives from fellow teachers in other schools, from regional suh-
ject supervisors and regional instructors. This is made possible
because of the meetings arranged regularly and continuously for
teachers, supervisors and instructors. Such training motivates
teachers continuously to use methods which encourage students to
learn actively and to stimulate students in other classes to apply t..e
same methods of teaching.

The third activity which has brought changes in science teaching
is the effort to spread science more widely, particularly through con-
tests which are conducted by either the Ministry of Education and
Culture or the Indonesian Institute of Sciences. Both organizations
give an vpportunity to interested individuals who are in school or out
of school. The contest activity is really preparing youths to become
prospective scientists and experts in technology; fields which are
greatly needed in a developing country like Indonesia. To guide the
hundreds of science clubs, the Institute, in collaboration with the
local authorities and the Regional Office of the Ministry of Educa-
tion and Culture, has taken the initiative to organize scientific leader-
ship training for senior secondary school teachers. It is anticipated
that these senior secondary school teachers will become advisers of
youth scientific associations in their respective regions. The involve-
ment of teachers is considered urgent as there are no private profes-
sional associations yet available to extend their services and guidance
towards these youth activities. O
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ISLAMIC REPUBLIC GF IRAN

In the constitution of the Islamic Republic of Iran, there are
various aspects which directly or indirectly relate to the teaching of
science. The major points are: (a) utilizing advanced science and
arts, human skills and experiences; (b) eniorcing the spirit of survey,
research and innovation in different scientific, technical, cultural and
Islamic fields by establishing research centres and encouraging re-
searchers; (c) gaining self-sufficiency in science, industry and agricul-
ture; (d) training experts who would help to develop the economy of
the country; (e) emphasizing the increase of the agricultural and
industrial products to meet the needs of the people and enable the
country t. be self-sufficient; and (f) protecting the environment for
the present and the future generations.

There are two institutions which are concerned with science and
science education. One is the Centre of Scientific and Educational
Policies, affiliated to the Ministry of Education; the other is the
Institute of Scientific and Industrial Research.

The structure of the education system

The present system of education is divided into three phases:
primary, guidance and secondary education which together occupy
12 years of schooling prior to university or higher education.

General or elementary education begins at the age of six. It is
an eight-year programme in two stages. The first stage of primary
education, extends over five years. The second stage, called the
guidance cycle, occupies another three years.

In the initial planning of the curriculum these two stages were
considered as general education for all; but in launching the plan it
turned out otherwise. The guidance cycle can not be made compul-
sory until such time that provision for educating all the children in
the primary age-group (6-10 years) both in rural and urban areas,
throughout the country, is possible and maintained. Nevertheless, in
all those areas where the Ministry of Education has been able to
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establish schools and provide facilities, formal education for the two
stages of eight years is available and free.

Secondary education is four years formal schooling for students
between the ages 13 and 17 years. After having successfully passed
the requirements of the guidance cycle, students continue their
studies in one of several areas of secondary education, provided they
meet certain prerequisites demanded for that particular area.

High school education is mainly divided into theoretical (aca-
demic), and technical or vocational areas. The theoretical program-
me of the high school is divided into the major areas of sciences and
humanities as electives from the first year. In the second year, sci-
ence is divided into: (a) mathematics—physics; and (b) experimental
science.

Humanities is also divided into: (a) literature-culture; and (b)
socio-economics.

These divisions continue during the remaining years. Hence, in
the present system of education those who take the theoretical pro-
grammes will receive a diploma in one of these four areas after four
years of high school.

The technical/vocational education programme also takes four
years. It is divided into industry, agriculture-rural vocations and
services.

The industrial education branch comprises one of the following
areas: building construction, electricity (which includes electro-tech-
nics and electronics), general mechanics, wood industry, auto-mech-
anics, moulding, metalwork, tools, machinery, mine machinery, ven-
tilation and cooling, graphics and cartography, dyeing and weaving,
chemical industiy, mining and petroleum industry, and ceramics.

The rural vocational and agricultural programme covers thc
following disciplines: agriculture, cultivation, horticulture, irrigation,
food industry and nutrition, rural administration, and farm machin-
ery. Some of these subjects are offered by the Rural Vocational
Schouls of the Ministry of Education but others are conducted by
the Agricultural Education Institutes affiliated to the Miristry of
Agriculture and Rural Development.

The services programme includes commerce, office practice,
technical, art, and health service.
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In the present systein of education, students are offered certifi-
cates at the successful completion of: (a) the requirements of the
five-year primary; (b) the three year guidance cycle; and (c) the four
year high school. These certificates are offered at provincial level
(for primary school-leavers) and national level (for those completing
12 years).

The system of education also requires students to take three
school examinations during each academic year and to pass them
satisfactorily in order to be promoted to the next grade.

Students can continue their studies in different branches of
secondary education according to the grades they have reached in the
final examinations of the guidance course. For experimental science
in high school, for example, the minimum grade for this subject in
the guidance course should be 60 per cent.

A diagrammatic representation of the system is shown below.

Table 1. Present school system in Iran

| Employment l Higher Education Grade Age
\/\/v/\’\ 18
o P 12
] by Vo
; . EIEINEEE
g g 1K b 11
g £ 5|2 P
E‘ E‘ P 10
= g' Technical Voc. A cademic
l/ 5] Section Section 9 14
Secondary Education :
g S e 8
E > 8 Guidance cycle
2 E g (Three years) 7 1
E E 3 Second stage of General Education 6
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A : :
5
Primary Education 4
(Five years) 3 6
First stage of General Education -12
Kindergarten 5
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Numbers of students. The number of students in different
schools and levels of education are given in the rollowing tables:

Table 1. Total number of students throughout the
country 1982-1983

Course No. of students
Primary 5,605,982
Gui'ance 1,794,804
Secondary Education (Academic) 933,103
Secondary Education (Technical) 80,472
Secondary Education (Services) 43,485
Secondary Education (Agricultural) 3,489

Curricula. The curricula of primary and secondary education
are determined by pre-established patterns and students have to
follow certain identical prescribed programmes for each subject and
at each grade. The uniformity of the programmes makes it possible
to compare progress at each stage, by grade and by subject.

Science education

The Research and Curriculum Development Centre (RCDC) of
the Ministry of Educztion is responsible for science programmes and
for allocating appropriate time in the curriculum. However, the
offices of Teaching Aids, Examinations, Teacher Training, and Print-
ing and Distributing of Textbooks all work in close collaboration
with the RCDC.

The RCDC consists of research, planning, evaluation and text-
book preparation departments. Its activities include the review and
revision of textbooks in primary, guidance and secondary education;
holding regular meetings with experts so as to make fundamental
changes at differcnt levels; evaluation of textbooks to see how close-
ly they follow the aims of the curricula; and bridging the gap be-
tween life and science by sending students to the work place so that
they can observe and become familiar with the reality and practice
of what they are being taught at school.*

* This project is called KAD (knowledge and work) and occupies a school day
cach week.

95

12¢ .

*




Sctence education in Asta and the Pacific

Science in primary education. Science at this level is integrated.
The basic concepts of science have been simplified and presented in
five books. It is taught for three hours a week during the school year.
The objectives are:

a) Developing research and study habits;

b) Training in scientific attitudes and applications;

¢) Forming correct habits based on appropriate trends;
)

d) Teaching theoretical and practical aspects of some scientific
concepts;

e) Bringing up students in a way that they do not only appre-
ciate science but also approve of the fact that the origin of
every value in science is from Allah; and

f) Training students to study the relationship of cause and
effect in order to realize that the Creation is goal centred.

The experimental science syllabus for primary school includes
the main units on living things (plants and animals); human body and
hygiene; the earth and its resources (soil, water, rocks); the earth in
space; atmosphere; forces and motion; sound and communication;
and magnetism and electricity.

These unit titles of the syllabus are repeated in each of the
grades of primary education, but the content and the concepts are
gradually expanded in order to match the students’ ability in com-
prehension as they develop.

Science in guidance school. In guidance school, science changes
its form from integrated to combined. The subject matter of this
course is arranged in such a way that students first learn the general
concepts of science in case they fail to pursue the study throughout
the course.

The total content of the three science textbooks in this course
comprises physics and biology each 35 per cent and chemistry and
geology each 15 per cent. Five periods per week are available for
science at this level. After completing this course, students should
know the natura! >urroundings in which they live and discover the
interrelationships of living things, materials and phenomena; learn
how to use their talent (how to reason) personally and explore con-
cepts; observe accurately and express this observation through scien-
tific hypothesis rather than by superstitious interpretation; and be-
come accustomed to group work and co-operation with others.
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Guidance school science syllabus

First year

Second year

Third year

Orientation—scientific
method and procedures

Matter—structure and
states

Effect of heat on
matter

Chemical changes

Fire —functions, control
and protection

Common characteristics
of living things; chemis-
try and structure of the
cell

Photosynthesis—inter-
relationship between
producers and con-
sumers

Energy—origin and
function

Earth —structure, the
changing crust; natural
resor ces

Heat—control, use and
production

Weather changes and
forecasts

Electricity —production
and use

Human body —brief
anatomy and physiology
of different body systems

Man and his environment

Simple machines and
their functions

Sources of energy (fuel,
wind, atom)

Using electricity in the
house; light and heat

Energy of light—laws (of
light) in physics; eye
structure and light trans-
mission

Producing necessary
materials, chemical
changes, mining, future
of our natural resources

Fighting against diseases,
body defence

Reproduction and
growth in animals and
plants

Principles of heredity
and evolution

Science in secondary school. The grades obtained by students

in science and mathematics in the guidance course form the basis of
applying for academic or technical and vocational courses in general,
and mathematics-physics and experimental science courses in parti-
cular.

A student with grades below 60 per cent in mathematics and
science is not admitted to these two branches.

Teaching science in high schools is through separatc subject
disciplines with the time allocation as shown on the following page.

Science is also taught in technical and vocational branches but
the objectives and contents differ from branch to branch.
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Hours per week
1st year| 2nd year | 3rd year | 4th year|

Mathematics-physics option :

Biology 2 - - -

Chemistry 3 3 4 5

Physics 3 3 4 7

Mathematics 7 9 10 11
Experimental sciences option :

Biology 2 5 5 7

Chemistry 3 3 3 5

Physics 3 3 4 5

Mathematics 7 4 4 4

Earth science - - 2 2

Despite the variety of options available in technical and voca-
tional courses the percentage of the students attracted is not high
compared with the academic branches.

The objectives of science education at secondary school are to:

a) Develop a scientific attitude (observation, collecting data,
making hypotheses, . . .);
b) Persuade students to solve problems using scientific methods;

c) Introduce the practical and technological ap,lications of
science;

d) Develop knowledge and understanding of scientific laws and
phenomena; and

e) Train in methods of manipulating laboratory equipment and
observing safety rules in carrying out experiments.

The specific objectives in physics are to attract students to phy-
sics; acquaint students with concepts of physics; make students able
to design simple experiments; and train students to use scientific
methods.

The specific objectives in chemistry are to recognize chemical
materials, and their relation to human life; learn basic concepts of
principles and theories in chemistry; learn the principles of labora-
tory work; develop scientific attitudes; and become acquainted with
the importance of chemistry and its effect upon the economy and
human civilization. 98
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Secondary school science syllabus

Period

Physics

Chemistry

Biology

Geology

First year

66

ERIC

Aruitoxt provided by Eic:

Length, mass, time and their
measurements, SI units

Rectilinear motion, velocity,
acceleration and vector
quantity

Forces and the structure of
matter; kinds of forces and
their measurements

Composition of forces; force
as a vector quantity

Centre of gravity and
cquilibrium

Nev:ton’s laws of motion

Work and energy; work and
its measurement, simple
machines

Scientific method and its
uses in chemistry

Some simple tools and equip-
ment and their applications
in the chemistry laboratory

Basic problem of today’s life
(pollution, food deficiency,
energy crisis . . .)

Matter and its propertics
(molecular theory)

Basic concepts of chemistry
(molecules and atoms, physi-
cal and chemical changes,
chemical formula)

Air, oxygen

Hydrogen, water, solutions

(All branches)

Ecology
Web of life

Autotropkism and hetero-
trophism

Ecosystem (structure and
function)

Populations as units of eco-
systems

Interrelationship among
populations

Bio.as of the world

Man and the ecosystem
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Secondary school science syllabus (cont’d)

Period Physics Chemistry Biology Geology
First year [ Pressure in liquids and gasses Hygiene
(cont’d) Your appearance
Infectious discases
Non-infectious diseases
First aid
Your behaviour
Second ycar| Heat energy and temperature | Periodicity and periodic table | (Experimental science branch

Wave motion

The nature of light, reflection
of light, mirrors

Refraction

Lenses

Optical instruments

Analysis of light-colour

(experimental approach)

Electronic structure of the
ator (ionization energy
approach)

Electrons and the periodic
table

Chemical bonding
Intermolecular attractions

Thermochemistry (chem:ical
reactions)

Rate of reactions
Chemical equilibria

only)
Chemical basis of life (living
matter)

Cellular basis of life (cell
structure of organelles)

Tissues and organs (plants
and animals)

Nutrition in organisins (diges-
tive systems, food)

Gas cxchange (respiration
in organisms)

ﬁ31
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Secondary school science syllabus (cont’d)

Period

Physics

Chemistry

Biology

Geology

Third year

101

ERIC

Aruitoxt provided by Eic:

Static electricity

Electric fields, potential
and capacitance

Electric current

Electrolysis

Electric energy and
power

Magnets

Magnetic effect of an
clectric current

Solutions and ionic
equilibria

Acids, bases and newaal-
ization; pH

Hydrolysis

Solubility of salts and
solubility product

Oxidation and reduction;
clectro chemistry

Metals (Groups I, I1 and 111,
general survey of the first
row of transitional
clements)

Iron, aluminum and
magnesium industry

Internal transport (plants,
animals)

Regulation of body fluids
(homeostasis)

Chemical control
(hormones)

Nervous control and
sense organs

Behaviour

Locomotion (skeleton
and muscles)

132

(Experimental science
branch only)
How a geologist works

Atmospkere: composition
and structure; heating of
the atmosphere, pressure
and winds; evaporation and
precipitation; climate, air
pollution

Hydrosphere; composition
and temperature of seca
water; water on land;
freshwater problems

Minerals: identifying,
classification

Magnetism and igneous
rocks; volcanism

Metamorphism and meta-
morphic rocks

Weathering; mechanical
and chemical; soils

uvyy




Q

ERIC

Aruntoxt provided by Eric

601

Secondary school science syllabus (cont’d)

Period Physics Chemistry Biology Geology
Third year |Electromagnetic induction Sedimentation and sedi-
(cont'd) mentary rocks
The nature of matter: Erosion by running water,
ground water, waves,
glaciers, wind
Atomic structure: radio-
activity
Fourth year | Rectilinear motion, velocity, | Part 1:
acceleration Hybridization and the Reproduction Earthquake and internal
shape of molecules structure of the earth
Dynamics; Newton's laws Non-metals (Groups VII, Growth and Foldings and faultings
of motion V1,V and IV) development
Vector and composition Part 2: Organic chemistry Genetics Continental drift and plate
of vectors Hydrocarbons (alkanes, tectonics
alkenes, alkynes and
aromatics
Friction and streamlining Alcohols, aldehydes and Evolution Earth history; fossils, eras
ketones and periods of earth’s
history
Projectiles Carboxylic acids; fats, Origin of life Topographic maps

Circular motion, Kepler’s
laws, gravitational fields

soaps and detergents

Carbohydrates

133

Diversity of living
things

Earth in space, stars, solar
system; earth’s motion

38
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ERIC

Aruitoxt provided by Eric

601

Secondary school science syllabus (cor’’d)

Period Physics Chemistry Biology Geology
Fourth year Work-energy Amines and amides
(cont’d) Rotation
Vibration and waves
Interference
Sound

Alternating currents
Light

The polarization of light
Electromagnetic waves

The solid state and semi-
conductors

The models of the atom:
nuclear physics

134
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Sctence education in Asia and the Pacific

The specific objectives in biology are to learn scientific concepts
expressions, principles and laws of biological phenomena related to
everyday life; become acquainted with scientific methods; compre-
hend the interrelationship of biology with other sciences; learn the
practical applications of biology; show interest in collecting datz and
information about biology; preserve the environment and natural
resources; obey different aspects of principles of health; and acquire
the necessary skills in laboratory work.

The specific objectives in the earth sciences are to become ac-
quainted with the basic concepts of geology, its value and its applica-
tions in daily life, and methods of studying and collecting informa-
tion about geology; show interest in environmental preservation; and
motivate curiosity to seek, search and find the facts of our surround-
ings.

Activities, laboratory work and equipment. Primary and guid-
ance school level. No definite time is allocated to experimental and
laboratory work in primary and guidance courses. In most cases
experiments are by demonstration to interest and attract students
and rarely to prove concepts.

According to a report only 0.5 per cent of the experiments are
carried out by the students themselves. The following table shows
that experiments are mostly carried out by the teachers often in
collaboration with the students.

Table 2. How experiments are carried out in guidance schools

Mode of experimental work Per cent

Experiments carried out by the teacher alone 25.8
Experiments carried out by the students alone 0.5
Experiments carried out by both teachers and students 62.0
No answer 11.7

Total 100.0

The reasons for lack of experiments was the subject of another
study. This study showed that 38 per cent of science teachers pre-
sent science both theoretically and through practical work but the
percentage of experimental work is not clear. The table on the fol-
lowing page shows the reasons why science is not taught through
practical work in guidance schools.
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Table 3. Major causes which prevent science teaching
through experiment

Causes Per cent
Crowded classes and overloaded books 20
"nsufficient laboratory space and equipment 18
Teachers inability to use laboratory 15
Lack of co-operation of principals 9

Secondary school level. Two hours per week (26 per cent of
total time for teaching science) is allocated to laboratory activities in
high school during each year. This is divided among teachers of
physics, chemistry and biology. There is no doubt that teachers use
demonstration methods but in most cases the experiments are not
used to demonstrate concepts. In a study concerning the obstauies
to practical work in chemistry at high schools the following conclu-
sions were obtained:

Table 4. Obstaclcs to practical work in chemistry

High Less w
Obstacles concern  concem  concern Indifferent

Per cent

Lack of laboratory 62.86 33.57 3.57 0
Lack of interest by the teachers 80.42 17.48 2.10 0
Crowded classes 73.24 22.54 4.23 0
Teachers overworking 63.33 29.74 4.26 2.13

(day or week)

Although the textbooks in chemistry at high school are written
in such a way that students could rediscover the concepts through
cxperimentation themselves, the teachers fail tc even demonstrate
them.

No grades in the primary and gu.dance schools are registered in
the records of the students for practical and laboratory work, but
there 1s such a requirement in the record of the students in high
school. However, in no cases do the grades reflec. the true mark.
Teachers generally base their grades in this regarc 0.1 the theory and
written examinations of the students. There are . few exceptions.
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Science education in Asia and the Pacific

Equipment manufacturers. In 1975, owing to the great sum of
money spent on buying laboratory equipment from private com-
panies a corporation entitled Educational Industries Corporation
(EIC) was formed to purchase and possibly manufacture materials
and equipment.

The EIC founded four affiliated companies to manufacture and
import glassware, audio-visual aids, wooden furniture (even school
desks and benches) and software such as maps. In addition to equip-
ping the school laboratories and workshops, EIC made several
attempts to survey textbooks in order to list the necessary equip-
ment for experimentation, to compile laboratory manuals on how to
carry out experiments and a guidebook on how to use laboratory
equipment. It also held several in service classes for teachers and
those in charge of the laboratories. The affiliated companies have
been closed but EIC has expanded and now includes some workshops
for metalwork, carpentry and printing. EIC now produces trans-
parencies, films, slides, charts, collections of rocks, minerals and
fossils, microscopic slides and major items of laboratory equipment
for different levels.

Research

Details of research on education and other studies in higher
education by the Ministry of Culture and Higher Education have
been published in a pamphlet (in Persian) entitled ‘Cultural research
and higher education planning book’.

The Institute for Research and Planning in Science and Educa-
tion is one of the institutes concerned with research, especially in
science planning but this Institute has not been very active recently.
Another institute is the Educational Research Institute (ERI) of the
Teacher Training University, but this is also inactive now and its
work lL.as been taken over by the Research Department of that Uni-
versity. There is nothing to report in the field of science education.

In the School of Education of Tehran University some research
has been undertaken as part of the dissertations of post-graduate
students. This has been mostly on curriculum analysis, aims and
objectives, planning and implementation and textbook content.

The Research and Curriculum Centre of the Ministry of Educa-
tion 1s another institute which carries out research in the form of
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sending questionnaires to teachers and thus collecting views an, for
example, textbooks. Here again no research has been undertaken
specifically related to teaching science.

Educational technology

A few years ago the government bought a number of television
sets to be used in schools as teaching aids. At that time there was a
broadcasting station specifically concerned with educational televi-
sion. Owing to limited range, it was impossible to cover the whole
country. Therefore, the main nationwide network broadcast educa-
tional films during the school day (usually in the mornings). How-
ever, it was not successful because of the inconsistency between
broadcasting time of the television and the individual school time-
tables. These programmes have ceased and the school television sets
remain unused.

Meanwhile, the Open University was founded and set up a series
of translations and productions of educational films broadcast in the
afternoon befor~ the main programmes of the country’s network.
The university is now closed and the broadcasts have ceased.

At the present time, two offices within the Ministry of Educa-
tion are involved in developing educational media. The Office of
Teaching Aids Affairs is responsible for publishing magazines and
complimentary books, designing and producing educational softwrre,
studying laboratory equipment and so on. This office has collected
and translated books on simple science experiments and educational
games, including puzzles and riddles; and designed and produced
laboratory kits for the guidance course and kits and guides for
making simple apparatus for high school physics.

The Office of Teaching Aids Affairs plans to take the following
steps in order to improve teaching science at schools:
a) Identify the concrete and abstract concepts in textbooks

from the point of teaching and learning and produce samples
of materials and teaching aids;

b) Produce both scientific and educational films to enhance the
student’s knowledge and lead them to a better understanding
of nature; and

c) Establish an information centre for teaching aid materials

and samples.
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The Office of Art Research produces educational and scientific
short films commissioned by the Office of Teaching Aids Affairs.
The Office of Art Research possesses about 100 film-strips on simple
s~ience and approximately 700 science films which can be borrowed

by schools.

Teacher training

Primary level. Except for physical education and religious
teaching, which have separate teachers, all the other subjects in the
primary course are taught by one teacher. Primary teachers should
be graduates of Teachers Training Centres or high school graduates
who have attended a special course.

Statistics from the Ministry of Education (1981-1982) show
that of the total 189,285 primary school teachers 23,967 were
teachers of physical education and religious education only and that
97 per cent of the rest (165,318) were high school graduates with a
Diploma and 1.8 per cent with a post-Diploma degree. Thus, nearly
all teachers in primary schools have attained the minimum standards
required.

The Teacher Training Centres offer a two-year course for train-

ing primary and guidance level teachers. For primary teachers the
structure of the course is given in the following tables.

Table 5. Subjects for two year training course for
primary and guidance school teachers

First year Second year
Subject 1st 2nd 1st 2nd
semester | semester |semester | semester
General subjects
Basic Islamic education and ethics - - 2 2
Teaching skill 4 4 2 2
Evaluation methods 2 2 - -
Educational aids 2 2 - -
Health and nourishment - - 2 2
Total periods per week 8 8 6 6
108
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Table 5. Subjects for two year training course for
primary and guidance school teachers (cont’d)

First year Second year
Subi st 2nd 1st 2nd
ubject semester [semester |[semester |semester
Main subjects:

Teaching methods of Koran and
religious education 2 2 2 2
Teaching methods of experimental
science 4 2
Teaching methods of mathematies 2 4 2
Teaching methods of Persian language 4 4 2
Teaching methods of physical
education 2 - 2 -
Teaching methods of art and
handicrafts - 2 - 2
Children’s literature and the role of
revolution in jt - 2 2 2
Agriculture - -
Teaching methods of social science 2 - 2 -
Total periods per week 16 16 16 16

Guidance level. Teachers in the guidance course are required to
attend a two-year post-Diploma course in a special training centre.

There were 19,119 teachers (in 1981-1982) teaching science at
this level of whom 57.3 per cent held a post-Diploma qualification,
2.5 per cent had a Bachelor Degree in different fields, 39.4 per cent
held a Diploma (i.e. high school graduate plus course) and 8 per cent
held qualifications at a lower level. Thus, about three quarters of the
teachers of science at this level had reached the minimum require-
ments.

The structure of the training course—in Teacher Training Cen-
tres—provides for general subjects (eight periods per week in the first
year and two periods per week in the second year) as for primary
teacher training. The main subjects for those choosing science
(entitled ‘Experimental science’ in the structure) provide for 16
periods per week as shown in the following table.
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Table 7. Main subjects for science teachers for guidance schools

First year Second year
Subject 1st 2nd 1st 2nd
semester | scmester | semester [semester

Chemistry 2 2 2 2
Teaching chemistry 2 2 2 2
Biology 2 2 2 2
Teaching biology 2 2 2 2
Geology and teaching geology 2 2 2 2
Physics 2 2 2 2
Teaching physics 4 4 4 4
Total periods per week 16 16 16 16

The content of the main experimental science subjects com-
prises surveying the related sections in the books of the guidance
course, making simple equipment and performing experiments; and
performing and practising teaching methods in related subjects.

High school level. The requirement to teach at this level is a
degree from one of the Teacher Training Universities or a degree
from any other University, plus a one year post-graduate course in
education. There were 7,949 science teachers in high schools in
1981-1982 of whom 933 held post-Diploma qualifications only and
the remainder held B.Sc. degrees.

The Teacher Training Universities provide a four year course
and students graduate with a B.A. or B.Sc. and a qualification to
teach. The Teacher Training University is located in Teheran and has
four branches in the provinces. There are about 2,000 students in
each university (500 students in each year).

The students take 120 hours for credit in science (100 in main
subjects and 20 in other science subjects), 20-30 hours credit for
education subjects and 30 hours credit in other subjects such as
Persian and foreign languages and religion.

In-service training. The Office of In-scrvice Training (IST) was
established in the Ministry of Education to serve and promote the
teaching and administrative ability of the staff by holding short
courses throughout the year. Training courses are specially held
when there are changes and modification in curricula and textbooks.
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In-service training for primary teachers is mostly held in local
centres because there are qualified teachers with B.A. or B.Sc. degrees
who can provide the necessary tuition. For teachers at the guidance
level the courses are usually held in provincial centres rather than in
small towns.

Courses for high school teachers are generally held in Teheran,
or in one of the centres of the IST, or sometimes in the universities
under the Board of Science.

Teaching science out-of-school

Television. Teaching by television is carried out through the
second television network. There are special and general programmes.
The special programmes are designed for students and are divided
into four age groups: 3-6; 6-11; 11-14; and 14-18 years old. The
general educational programmes are aimed at the general public.

These general programmes are divided into programmes in
which teaching is presented in the form of entertainment; program-
mes in which information is given along with suitable films; and
programmes in which science or a technique is directly taught.

Magazines. There are four or five monthly magazines publishing
information on various aspects of science and three or four maga-
zines on electronics.

Museums. Museums are mainly related to universities, educa-
tional institutions and government offices and they are established
mainly for specialists rather than the general public. They include
Rocks, Fossils and Minerals Museum of the Geological Survey of Iran;
Botanical Gardens affiliated to the Ministry of Agriculture; Zoologi- -
cal Museum affiliated to the Environmental Protection Organization;
and Zoological Museum of the School of Science (Teheran Univer-

sity).

Innovations

In the area of curriculum development a council entitled the
‘Experimental Science Teaching Council’ has been established in the
Research and Curriculum Organization of the Ministry of Education
and includes experts in different levels from university to school. It
will survey, analyse and recommend fundamental changes in science
teaching in the primary and guidance courses. At the present time
the Council is studying the objectives and goals of teaching science.
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A Co-ordinating Centre of Laboratory Equipment has been
established within the Educational Affairs Section of the Ministry of
Education. Its functions are to list present teachiug aids and equip-
ment in schools; suggest the proper use of teaching aids; co-ordinate
the activities of the Office of Education and those of curriculum and
planning centres regarding teaching equipment; and establish similar
centres in the provinces.

The Centre has so far prepared laboratory instructions for high
school physics, chemistry and biology; adjusted the supply of equip-
ment and materials so that all schools have the same basic range;
made central laboratories for groups of nearby schools. and produced
items of laboratory equipment.

KAD project. In 1982-1983 the Ministry of Education decided
to delete six hours (out of 36 hours) froin the school time-table of
the high schools so that students could visit the labour market and
local industries. A further two hours, outside the school time-table,
were made available to be spent on the study of the reports, health
and safety regulations, first aid, and ethical problems in work places.

This KAD project was introduced to motivate interest within
the high school toward labour and services; acquaint students with
the labour atmosphere and social inter-relationships; acquaint stu-
dents with the application of industries, agriculture, science and
services; and increase production to the level of self-sufficiency.

The project was introduced for the first year students of high
schools and it is planned to gradually extend it to all four years of
high school.

TAM project. This project, recommended by the Higher Coun-
cil of Education, is concerned -vith change in the present system of
education in guidance schools. It was introduced on an experimental
basis in 1982-1983. The project is being tested in selected schools in
nine provinces and at the same time a team of experts from the
Research and Curriculum Development Centre is evaluating its
effectiveness. 0O
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The Japanese population of 120 million, with a density of 500
to the square kilometre, lives in a thin strand of islands, representing
a mere 0.28 per cent of the world's land area, with no major natural
resource, and it constitutes one of the most integrated nation fam-
ilies in the world. During the 1960s, following the rebuilding of the
nation after the Second World War, Japan was able to double the
gross national product in five years. This phenomenal economic
growth also produced problems, such as serious industrial pollution,
and these have caused Japan to search for a better cultural-economic
balance. This searching has its implications for school curricula,
particularly in science, since the utilization of science and the devel-
opment of technology are both essentially social processes.

The general education system

Structure of school education from primary to pre-university
stage. The figure on the following page shows the structural organiz-
ation of the present system of public education and indicates the
normal age of admission or promotion to each grade of the educa-
tional system.

Table 1 shows the types of schools and courses, maip types of
establishing bodies, qualifications for admission (normal admission
age), length of course, and requirements for graduation.

Kindergartens admit children aged 3, 4 or 5 and provide them
with one-to-three year courses. General and special education
through the elementary and lower secondary school level is compul-
sory; thereafter, and in other types of schools, it is voluntary. In
principle, success in an entrance examination is one of the prerequi-
sities to enter any school beyond the compulsory school level.

There are three types of upper secondary school courses: full-
time, part-time and correspondence. The full-time course lasts three
years, while both the part-time and the correspondence courses are
four years or more. Part-time courses are of two types: day course
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Organization of educational system
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and evening course, with the majority attending evening courses.
Both the part-time and the correspondence courses lead to a diploma
equivalent to that available to students in the full-time course.

In terms of the content of teaching, the upper secondary school
course may also be classified into two categories: the general and the
specialized vocational. General courses provide general education
adapted to the needs of both those who wish to advance to higher
education and those who are going into employment but have chosen
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Table 1. Types of schools and courses, establishing bodies, qualifications for admission,
length of course and graduation requirement

Main type of Qualifications for | Length of course Requirement for
f X
Type of school Type of course establishing body admission (in years) graduation
One-year course Age 5 1
Kindergarten Two-year course Private Age 4 2
Three-year course Municipal Age 3 L]
Elementary Municipal Age 6 6 Completion of
six-year course
Lower secondary Municipal Completion of 3 Completion of
elementary school three-year course
course, Age 12
Full-time course Prefectural Graduation from L] Acquisition of
Upper secondary Part-time course Private lower secondary 4 or more 80 credits
Correspondence Municipal school, Age 15+ 4 or more
course
Kindergarten, Prefectural Same as in kinder-
clementary, lower Municipal garten, clementary,
Special education secondary and upper lower secondary
secondary depart- and upper secondary

ments

schools, respectively
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no specific vocational area. Almost 70 per cent of the students in
upper secondary schools are enrolled in general courses.

Specialized vocational courses are intended to provide voca-
tional or other specialized education for those students who have
chosen a particular vocational area as their future career. These
courses are further classified into several categories: technical, com-
mercial, agricultural, fishery, home economics, fine arts, science,
mathematics, and so on.

Special education schools aim at giving physically or mentally
handicapped children an education adapted to their individual needs.
There are schools for the blind, for the deaf, and for those handi-
capped in other ways.

Universities require for admission the completion of upper
secondary schooling or its equivalent, and offer at least 4-year
courses leading to a bachelor’s degree. They are divided into facul-
ties such as law, literature, economics, education, science, technology
and agriculture, and then subdivided into departments.

There are also a number of ‘special training schools’ and ‘mis-
cellaneous schools’ other than the regular schools mentioned above.
Special training schools are designed to offer systematic programmes
of education aimed at developing each student’s ability required for
their working life or daily life, or at raising their level of general
education.

Miscellaneous schools provide students, mainly young, with
vocational and practical courses in dressmaking, cooking, book-
keeping, typing, automombile driving and repairing, computer tech-
niques, and so on. Most courses in miscellaneous schools require for
admission the completion of lower secondary schooling, whilst some
require the completion of an upper secondary school course The
length of course varies from three months, to one year or more.

Enrolment at each state of education. Table 2 gives the enrol-
ment rate by school level, as percentages of the respective total
population at the relevant levels. These figures show that:

a) The diffusion of pre-school education is increasing; more
than 60 per cent of the new entrants to elementary schools
have attended kindergartens for at least one year.

b) The enrolment rate in compulsory education is almost 100

er cent.
P 116
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c) Post-compulsory secondary education is almost universal-
ized as shown by a more than 90 per cent enrolment rate.

d) Though higher education also shows a higher enrolment rate
(83.3 per cent in 1980), there is a significant difference in
the rates for males and females; 42.7 per cent for males,
and 23.6 per cent for females.

Table 2. Enrolment rate by school ievel, 1980

School level Age Male and female Male Female

Per cent

Pre-school education

(kindergarten) 3- 5 42.4 42.3 426
Elementary education 6-11 99.98 99.98 99.99
Lower secondary education 12 - 14 99.98 99.98 99.99
Upper secondary education 15-17 92.9 91.7 94.3
Higher education 18 -21 33.3 42.7 23.6

Science education in schools

The aims of science education are stated in the recently revised
curricula: ‘Course of study for elementary schools’ 1980 and ‘Course
of study for lower secondary schools’ 1981.

Aims of elementary school science. To develop the ability in
and attitude toward making inquiries about nature through observa-
tions and experiments as well as to enhance the understanding of
natural things and phenomena, thereby, nurturing a rich sensitivity
to love nature.

Aims of lower secondary school science. To develop students’
ability in and positive attitudes towards making enquiries about
nature through obsenations and experiments as well as to enhance
the understanding of matter and phenomena in nature. Thus to en-
courage students to realize the relationship between nature and
human beings.

Aims of upper secondary school science. To develop students’
ability and positive attitudes; to inquire into nature through observa-
tions and experiments; to enhance their understanding of fundamen-
tal concepts of matter and phenomena in nature; and to develop a
scientific view of nature. 117
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The place of science in the school curricula

Kindergarten. Science, as such, is not part of the curricula in
kindergartens, but would appear in a very elementary way within the
areas of health and nature.

The minimum number of school days for kindergarten educa-
tion is 220 days a year, and the standard number of classroom hours
per day is four hours.

Each kindergarten compiles its curriculum on the basis of the
kindergarten principles, covering 137 sections in six areas as follows:

Prescribed content of kindergarten education

Areas Sections
Health 24
Social life 27
Nature 21
Language 22
Music and rhythm 26
Art and craft 17

Elementary and lower secondary schools. Science is taught
from the first grade in elementary schools. It is a compulsory subject
for all the students throughout the elementary and lower secondary
school stage.

The standards for lower secondary schools allow several hours
for elective subjects and individual schools decide what to teach in
hese hours. Most lower secondary schools include several hours per
weck of English language instruction.

Upper secondary schools. Table 3 shows the subject areas,
subjects and the standard number of credits to be provided in upper
secondary schools, according to the revised Course of Study. The
curricula of individual schools must be organized so as to comply
with these standards.

According to the Course of Study, local school curricula both
for students in the general course and in the specialized vocational
course must provide instruction in the following subjects:
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Table 3. Subject areas, subject and standard number of
credits of upper secondary scheols

Standad No.

Subject area Subject of credits

Japanese language 1
Japanese language 1I

Japanese language Japanese expression
Modern Japanese
Classics

Modem society
Japanese history
Social studies World history
Geography
Ethics
Political science and economics

Mathematics I

Mathematics II

Algebra and geometry
Mathematics Basic analysis

Differentiation and integration

Probability and statistics

Science I
Science Physics

Chemistry

Biology

Earth science

Health and physical Physical education
education Health

Music I
Music I
Music III

Fine Arts I
Fine Arts II
Fine Arts 111

Handicraft 1
Handicraft 1I
Handicraft III

Calligraphy 1
Calligraphy 11
Calligraphy II1

4

4

2

3

4

4

4

4

4

2

2

4

3

3

3

3

3

Science I 4
2

4

4

4

4

3

2

2

2

2

2

2

2

Arts 9
2
2
2
2
2
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Table 3. Subject areas, subject and standard number of
credits of upper secondary schools (cont’d)

Subject area Subject Sta:fd:rr:idil:io.
English I 4
English II 5
Foreign language English II-A 3
English II-B 3
English II-C 3
Home-making General home-making 4

Note:

1. Thirty-five units of school hours,cach of which represents 50 minutes
teaching,yield one credit.
. Credit allocation to other subjects is prescribed by each establishing
body of relevant upper secondary school.

3. A minimum of 80 credits is required for graduation from upper secon-
dary schools.

PO

The proportion of students taking science

At the elementary and lower secondary levels science is com-
pulsory for all students. At grade X level in upper secondary school,
Science 1is also compulsory. For elective science in upper secondary
schools a typical breakdown of study at grade XI level would be:
physics 26 per cent; chemistry 42 per cent; biology 21 per cent; and
earth science 11 per cent.

The time allocation for science

The amount of time allocated to sciencs i Ji.mentary and
lower secondary schools is shown in the following table.

Elementary schools Lower secondary
Per year

Ist {2nd | 3rd | 4th { 5th 6th 1st | 2nd | 3rd
Teaching hours | 68 | 70 | 105 105 | 105| 105 105| 105( 105
of science
Total teachirg [850 [ 910 [ 980 1,015 [1,015 (1,015 | 101f 1,015)1,015
hours
Percentage 80 |7.7 {10.7/10.3 |10.3 110.3 10.3 }10.3 |18.8
Periods per week | 2 2 3 3 3 3 3 3 4
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In Upper secondary schools the time is variable, but a typical
school would have five hours per week (out of 33 hours total)—15.2
per cent—in the first year (grade X) and perhaps 4-6 hours per week
in the second and third years (grades XI, XII) where science is
elective.

Science curriculum objectives
Primary school

Grade I. To recognize conspicuous features of living things in
their surroundings through such activities as searching for and taking
care of them, and experience the pleasure of intimacy with them.

To familiarize pupils with the surrounding things in nature,
recognize conspicuous features about them through observations and
experiments, and experience the pleasure of contact with them.

Grade II. To notice the ways of living and growth of living
things, and experience the pleasure of intimacy with them while
searching for and raising living things found in the surroundings.

To become familiar with natural things and phenomena in the
surroundings, notice their features and how they change by observing
them, and experience the pieasure of association with nature.

Grade IIl. To investigate the growth and activity of living
things, understand the relationship between the growth and activities
of living things and the climate of the seasons, and foster the attitude
of loving and protecting living things while searching for and raising
living things found in the surroundings.

To examine phenomena caused by air, sunlight, magnets; to
understand the properties and functions of these, and to develop an
interest in finding out the rules governing these phenomena.

To examine the weather and changes in the temperature of soil,
water and air, to understand the features of these changes, and devel-
op an interest in these natural phenomena occurring in the surround-
ings.

Grade 1IV. To understand that there are various stages in
growth, that life is a continuous process, and that the growth of
living things has close connection with nutrition and sunlight; to
foster the attitude of loving and protecting living things while con-
tinuously observing the process of growth by raising living things.
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To understand the properties and functions of the following,
and develop an interest in finding out rules governing these pheno-
mena: the solution of solids, the weight of objects, changes of state
due to heat, and phenomena caused by electric current.

To understand the functions of running water, and the shape
and movement of the sun and the moon, and to develop an interest
in these natural phenomena.

Grade V. To understand that living things grow under the in-
fluence of their environment, and develop an attitude of respecting
life, while examining the process of the growth and body structure of
living things.

To understand the properties of substances and the regularity in
changes, and foster an attitude to study them actively, while examinr
ing how a substance dissolves, how it burns, how the light moves, and
how sound is transmitted.

To observe the movement of the stars, to understand the regu-
larity of the universe, and to foster an attitude of observing astro-
nomical phenomena in terms of the lapse of time and the expanse of
space.

Grade VI. To examine the growth and reproduction of plants
and the human body, to understand that living things grow and are
reproduced, to study the structure and functions of the human body,
and develop an interest in the interrelationship between living things
and their environment.

To examine the properties of solutions in water, how substances
are heated or burned, the function of a lever and an electromagnet;
to understand the properties of substances a..d regularity in their
change, and to foster an attitude to actively investigate the unknown
by applying such knowledge to the natural phenomena.

To examine strata in rocks, the movement of the sun and the
change of temperature on the surface of the ground, and to under-
stand the function of water and sunlight.

Lower secondary school

First section. To find problems among matter and phenomena
which are related to substances and energy.
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To understand, through observations and experiments, that sub-
stances are classified into elements and compounds and that a sub-
stance consists of particles of atoms, molecules and ions, thereby
developing scientific ways of viewing and thinking about substances.

To understand, through observations and experiments, the fea-
tures and function of force and electric current, motions of bodies,
and work caused by light, heat, and electric current, thereby develop-
ing scientific ways of viewing and thinking about natural phenomena
in connection with energy.

To understand the function of familiar substances and energy,
anc to develop a positive attitude towards effective utilization of
substances and energy relevant to human life.

Second section. To find problems among living things and their
surroundings, natural matters and phenomena, and to learn in the
process of inquiring into nature how to discover regularities in nature
and how to interpret natural phenomena.

To observe and experiment on the diversity and unity found in
living things and surrounding natural matter and phenomena, to
analyse causes and mechanism of generation of matter and pheno-
mena, and to develop comprehensive ways of viewing and thinking
about the natural world.

To consider the relationships between matter and phenomena in
the natural world as well as the harmony among them, and to realize
the influence of the natural environment on the existence of human
beings, thereby heightening interest in preservation of the natural
environment; to understand biological phenomena and 1o develop a
positive attitude towards the appreciation of life.

Upper secondary school

Science 1. To understand principles and laws as well as to
realize the relationship between nature and human life, to observe
and experiment on movement of bodies, changes of substances, and
evolution and balance found in the natural world.

Science II. To develop the scientific method by inquiring into
matter and phenomena in the natural world and to develop ability to
solve scientific problems.

Physics. To understand principles and laws of physics by carry-
ing out observations and experiments, on force and motion, wave
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motion, electricity and magnetism, selected from among natural
matter and phenomena, and to develop an ability and positive atti-
tude to consider phenomena from the basis of physics.

Chemistry. To study principles and laws of chemistry by carry-
ing out observations and experiments on chemical properties of sub-
stances, states of substances, and chemical reactions selected from
among natural matter and phenomena, and to develop ability and
positive attitude to consider phenomena from the basis of chemistry.

Biology. To understand principles and laws of biology by
carrying out observations and experiments on the formation of a bio-
organism, living bodies and energy, homeostasis and regulation, and
biotic communities selected from natural matter and phenomena,
and to develop an ability and positive attitude to consider pheno-
mena from the basis of biology.

Earth science. To understand principles and laws of earth
science by carrying out observations and experiments on the struc-
ture of the earth, history of the earth, and the structure of the
universe, selected from among natural matter and phenomena, and to
develop the ability and positive attitude to consider phenomena from
the basis of earth science.

Curriculum revision

Since 1947-1948 the curricula at each of the three levels of
education have been revised at least four times. The implementation
of the most recent revisions followed the time-table below.

Classification 1977 1978 1979 | 1980 | 1981 1982
I |
Elementary No.nﬁ- : Transitional measures I Full implementation
school cation | :
| |
Lower Notifi- | |
secondary | cation | Transitional measures |Full implementation
school : :
| ! |
Upper | Notifi- : | Grade by
sccondary I cation | Transitional measures | grade imple-
school ! | | mentation
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Evaluation

A model for evaluation of curricula and educational processes
in general is based on the following sequences:

1. Formulating the evaluation
research programme

6. Interpretation and 2. Evaluation

conclusion \l design
T Evaluation Committee l
in
5. Presenting the / Ministry of Education 7
3. Specifying the

results
methods of

\ / data collection

4. Pre-testing and
data collection

There are 40 evaluation pilot schools in Japan. These schools
evaluate various aspects of the school curriculum: objectives, scope,
the quality of teachers, the extent to which objectives in various
subjects are implemented, equipment and materials, the abilities of
students on intelligence and aptitude tests, achievement tests,
personality measures, attitude and value scales, and so on.

National achievement tests. National achievement tests are
designed from time to time to measure various specifications within
the curriculum and to evaluate st.Jent performance in specific
subjects. For example, in 1982 the following tests were applied:

Elementary school Junior secondary school
Subject area Social studies, science, national language, mathematics
Educational level grade V 1st grade (grade VII)
grade VI 2nd grade (grade VIII)
3rd grade (grade IX)
Number involved 16,000 cach 16,000 cach
Total number 32,000 48,000
125
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Science equipment and laboratory work

A large variety of equipment, materials and tools is necessary
for science education. This includes: scales, experimental imple-
ments and tools, field observation and survey tools, specimens,
models, audio-visual teaching devices, tools, glass and other materials,
and chemicals.

Under the terms of the Science Education Promotion Law, a
national Government subsidy is provided for some science education
equipment. The individual items and quantities which may be pur-
chased with the national Government subsidy are specified under the
Standards for Equipment for Science Education, which were intro-
duced in 1954.

The actual Science Education Promotion Law, dated 1953,
comprises the following articles:

Article 1

In view of the fact that science education has a role
of special importance as the foundation on which to build
a cultural state, the purpose of this law shall be to promote
science education, in order that pupils may, through sci-
ence education, acquire scientific knowledge, skills and
attitudes, and develop ingenious creative abilities, and
thereby be able to lead a scientific daily life; and may, in
accordance with the purpose stipulated in Fundamental
Law of Education (Law No. 25 of 1947) and the School
Education Law (Law No. 26 of 1947), be brought up into
useful members of the nation who can contribute to the
development of the country.

Article 2

‘Science education’ in this law sha!l mean the educa-
tion in science in clementary schools (including elementary
departments of schools for the blind, the deaf and the
otherwise handicapped). The same applies to the lower
sccondary schools (including lower secondary department
of schools for the blind, the deaf and the otherwise handi-
capped). The same also applies to upper secondary schools
(including upper secondary departments of schools for the
blind, the deaf and the otherwise handicapped).
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Article 3

The state shall endeavour to promote science educa-
tion in accordance with the provisions of this law and
other laws and ordinances, and to encourage local public
bodies to endeavour to promote science education by the
following means:

a) To draft overall programmes for the promotion of
science education;

b) To improve upon the content and methods in
science education;

c) To provide schools with equipment and facilities
for science education;

d) To plan and execute a pre-service and in-service
education programme for teachers and leaders in
science education.

Article 4

In cases where the facilities provided are below the
standard stipulated by government ordinance, the state
shall subsidize, within the fiscal budget, 50 per cent of the
expenses required for the project.

Preportion of time for practical work. The recommended pro-
portions are as follows:

Elementary stage

Practical activities laboratory work  Total teaching Percent-

Grade hours per year hours per year age
I 55 68 81
I 53 70 75
I 74 105 70
v 67 105 64
A% 61 105 58
V1 65 105 62
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Lower secondary stage

Practical activities laboratory work Total teaching  Percent-
Grade hours per year hours per year age
I 31 105 30
I 28 105 27
111 30 140 21

Upper secondary stage

Practical activities laboratory work Total teaching  Percent-
Subject 1 hours per year hours per year age
Science 1 16 — 27 140 12 -19
Biology 17 - 30 140 12 - 22
Chemistry 16 - 27 140 12 -19
Physics 16 — 25 140 12 -18
Earth science 12 -20 140 8§ —14

Practical work is not an examinable subject in public examin-
ations in science.

Actual facilities in the schools. The recommended list of items
and materials for practical work in science is revised whenever new
courses of study are introduced. The actual provision of equipment
in the schools is shown in the follc wing table:

Proportion of schools with adequate equipment for
teaching science through practical work, 1¢ 81

Elementary schools 51.7 per cent
Lower secondary schools  44.8 " ”
Upper secondary schools ~ 42.6 7 ”

It is hoped that provision of facilities will reach 70 per cent over
the next five years.

Low-cost kits and materials for science practical work are pro-
vided by manufacturers within the Japan Association of Science
Materials Manufacturers. Most of the equipment required is manu-
factured in Japan although some manufacturers import low-cost
components and materials from Taiwan, Hong Kong and the Re-

, nublic of Korea. 128
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Specifications of quality control and modifications to the
recommended list of equipment are made by the Science Education
Council. Recommendations are made to the Minister of Education
who then issues appropriate amendments to the ‘Standards for equip-
ment for Science Education Law’.

Educational technology

In 1978, the Ministry of Education revised the ‘Standards for
Provision of Instructional Aids and Equipment’ which had been in
force since 1967. The new standards defined, as instructional aids
and equipment, 367 items for elementary schools and 312 items for
lower secondary schools. These included items such as overhead
projectors and other audio visual aids, maps and woodworking instru-
ments. On the basis of this standard, the Ministry drew up the
‘Second 10-year Plan for Provision of Instructional Aids and Equip-
ment to Compulsory Education Schools’, which was launched in
1978, with a budget of 230 billion yen,* as a subsidy by the National
Government, which is half the total amount required.

The percentage of local public schools furnished with typical
instructional aids in 1980 is given in the following table:

Lower Upper

Instructional aids Elementary  secondary secondary
school school school

Per cent

Slide projectors 97.1 98.1 98.8
8 mm sound motion picture projectors 77.1 78.7 84.7
16 mm sound motion picture projectors 55.7 57.6 96.9
Overhead projectors 99.5 99.1 98.9
Tape recorder (open reel) 54.4 61.4 83.3
Tape recorder (cassette) 97.4 98.0 97.1
T.V. set (black and white) 43.3 40.6 62.7
T.V. set (colour) 98.1 94.3 90.6

The use of computers in education—Computer-Assisted Instruc-
tion (CAI) and Computer-Managed Instruction (CMI) is also being
developed in some schools.

* Approximately 230 Japanese yen (¥) = One US dollar
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Many audio-visual associations and manufactures produce sci-
ence slides, films, OHP transparencies, cassette tapes, video tapes,
science charts, workbooks and experimental notes. The National
Broadcasting Corporation (NHK) broadcasts science programmes to
the elementary and secondary schools every day. These are used
widely to reinforce or supplement science teaching.

Computer programmes in science teaching are now at the
experimental stage in colleges and universities.

Teacher training

Minimum qualifications. Teachers at kindergarten, elementary
and secondary schools in Japan must have a relevant teaching certifi-
cate as provided for by the Educational Personnel Certification Law.

Certification requirements vary with school level. Teacher certi-
ficates for kindergartens and elementary schools are available for all
subjects, while those for lower and upper secondary schools are
available for specified subject areas.

Teacher certificates are divided into regular certificates and
temporary ones. Persons who hold regular certificates are qualified
for full teaching posts. This type of certificate is subdivided into
first and second class.

The basic qualifications for the second class certificate for
kindergarten, elementary and lower secondary teachers are that they
must have studied for two years in a university (or the equivalent)
and acquired 62 credits. The basic qualifications for the first class
certificate for elementary and lower secondary teachers and second
class certificates for upper secondary teachers are that they must
hold a bachelor’s degree. First class certificates for upper secondary
teachers are granted to those who hold a master’s degree or who have
done one year's post-graduate study and acquired 30 credits beyond
the bachelor’s degree.

Students in teacher training couises are required, in addition to
the basic qualifications, to obtain a prescribed number of credits in
two subject groups in courses approved by the Minister of Education,
Science and Culture. Thesc are general education subjects and teach-
ing and specialized subjects.
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Teachers seeking higher class certificates must earn additional
credits and must have served for the prescribed number of years with
a good record as school teachers. The required credits may be ac-
quired through in-service trainirg (e.g. correspondence and other off-
cainpus courses approved by the Minister of Education, Science and
Culture) or by attending regular university courses.

Those who have temporary certificates can only qualify as
assistant teachers. Temporary certificates for kindergarten, elemen-
tary and lower secondary teachers are granted to upper secondary
school graduates (or the equivalent) who have passed the educational

personnel examination conducted by prefectural boards of education.

Those for upper secondary teachers are granted to those who have
studied for two years in a university (or the equivalent) and acquired
62 credits.

Teacher certificates are granted by prefectural boards of educa-
tion. Regular certificates are valid in all prefectures and for life,
while temporary certificates are honoured for three years only, and
valid only in the prefecture issuing them.

The percentage of qualified teachers. The number of applicants
for teachers at the elementary school level exceeds the demand. The
number of applicants at the lower and upper secondary school level
also far exceeds the demand. The proportion of teachers without the
competent certificate to teach varies from one prefecture to another.
In Aomeqi Prefecture, for example, the proportion of unlicensed
science teachers at secondary school was 49 per cent. By contrast it
was merely 0.4 per cent in 1968 in Tokyo.

In order to secure able people of high quality for the teaching
profession and tu maintain and improve standards of school educa-
tion, the Law Governing Special Measures for Maintenance and
Enhancement of School Education Standards was enacted in 1974.
In compliance with this Law, special measures have been taken for
the improvement of salaries and allowances for public school
teachers.

The percentage of tcachers who do not posses the required
qualifications is rapidly decreasing.

Pre-service training. The course of training is of four yecars

duration and certification depends on obtaining prescribed numbers
of credits in general cducation and in the teaching subject groups.
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At all colleges and universities, tests are given at the end of each
semester to measure the student mastery of specific content of the
individual subjects. There is no national test or standardized evalu-
ation system for student teachers. Some professors use evaluation to
assess progress toward the specific objectives and content of a given
course, a unit and a lesson. Diagnostic data are used to locate the
causes of weaknesses and strengths in the attainment of students.
Informal means such as individual interview, open ended questions
and discussions, project work, analysis of writing in notebooks, and
records of observation of student performance and behaviour are all
in use.

In-service training. The Ministry of Education, Science and
Culture, prefe-tural boards of education, and prefectural education
centres provide opportunities for systematic in-service training for
public school teachers, principals and supervisors. Some of the larger
municipalitics and educational study groups aiso hold workshops and
scudy meetings for in-service training.

The Ministry also holds Central Workshops for intensive in-
service training of princigals, vice-principals and experienced teachers
(e.g. curriculum co-ordinators, heads of teachers’ groups teaching the
same grade or the same subject in a school), who are selected and
sent by every prefectural board of education.

The p-edominant aim of in-service training is to improve the
professional abilities of teachers. Participation in an in-service train-
ing programmme is not normally rewarded with a salary increase.

Science Education Centres. There are about 50 Science Educa-
ti.: Centres retraining science teachers and developing research in
scicnce education. The type of work undertaken in Science Educa-
tion Centres may be illustrated by example from the Centre of the
Hiroshima Prefecture which was established in 1962. It is a three
storey, 1,580 square metres building. It has a Director, nine profes-
sional staff and four clerical staff. Its activities are to: (i) organize in-
service training courses in science for teachers at elementarv {includ-
ing kindergarten) and secondary levels; (ii) conduct rcsearch un
science and science education including development of teaching
materials for science; (iii) collect information on science education in
Japan and abroad and to disseminate the information among the
teachers; and (iv) encourage children to make a study of science in
extra-curricular activities.

132
Q

ERIC 163




Japan

Within the Science Education Centre, there are study rooms,
laboratories and p:eparation rooms, for each of physics, chemistry,
biology and earth science. Facilities such as an astronomical observ-
atory (dome), planetarium, greenhouse, library for teaching materials
are annexed.

Research

The types of problems. Within science education the following
topics on elementary school science have been studied during the
period 1967 w0 1982,

Topics on elementary school science studied during
the period 1967 to 1982%

Number of projects

Grades

Topic 1 11 I v A" VI
Plants 33 35 45 32 28 40
Animals 35 21 7 18 14 21
Electromagnetism 44 24 43 29 20 29
Solutions 21 32 13 62 27 41
Air 21 29 58 - 29 38
Force 30 40 - 22 17 23
Heat - - - 39 14 9
Light 31 - 23 8 2 6
Sound - 12 2 - 14 -
Earth 22 10 22 20 18 138
Weather 4 10 2 10 7 14
Universe - 7 11 11 13 11

* Source: Japan Llementary School Science Teachers Association

The list on the following page gives the range of research topics
undertaker by science educators in teacher training colleges and
attached experimental schools, during 1980-1982.

Out-of-school programmes

Various formal and non-formal science education programines
are being used to reach out-of-school youth and adults in the arca of
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science and technology education. Items covered include extra-
curricular activities in science such as science clubs, science fairs,
science museums, science exhibitions, films, broadcasts, TV pro-
grammes, science news, and popular science reading.

The range of research topics undertaken by science
educators during 1980-1982

Number of Percentage of

Subject of the studies studies total studies
Pre-service training 32 6.9
Science education in foreign countries 62 13.3
Science learning psychology 37 7.9
Philosophy of science education 18 3.9
Materials and lesson 34 7.3
Teaching strategy and technique 111 23.8
Evaluation 29 6.2
Physics-chemistry education 26 5.6
Experiments for physics-chemistry teaching 32 6.9
Biclogy-earth science education 16 3.4
Observation and experiment for biology-carth

science teaching 19 4.1
Environmental education 27 5.8
Science curriculum 11 2.3
Educational technology 12 2.6

* Source: Japan Science Teaching Society

Science fairs. Each year the Gaken National Contest of Chil-
dren’s Talent in Science is held with the topic being ‘Nature Study’
for elementary school children. The number of applications cach
year has risen from 154,069 in 1979 to 162,733 in 1982. Each pre-
fecture sclects the best three nature study entries; the Intermediate
Selection Committee sclect” ten entries for each grade from I to VI;
and the Central Selection Committee decides the winning entries.

The Japan Youth Science Prize offers the topic ‘Scientific In-
vesugations' tu junior and senior high school students annually. The
yearly average of applications is 5,000. Each prefecture selects the
best entries and the Central Selection Committee chooses the best
winning entrics.
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Science Invention Prize. An exhibition of school children’s
inventions entered its 41st year in 1983. This exhibition stimulates
the creative powers of students.

Science Muscum. The Science Museum is the pre-eminent
general science museum in Japan with the objective of diffusing and
developing an awareness of science and technology among people,
especially the rising generation. The results of various rapid develop-
ments in science and technology are exhibited using actual examples,
models or experimental equipment. The exhibits explain in a simple
way the underlying theory and are arranged so that visitors may
operate the displays themselves.

The Museum, under the administration of the Ministry of Edu-
cation, Science and Culture, consists of two sections, one for natural
history, and one for physical sciences and technology. Various facili-
ties belonging to the Museum are located in and around Tokyo,
including the headquarters in Ueno Park, castern Tokyo, the Natural
History Institute at Shinjuku, western Tokyo, the Garden for Nature
Study at Shirogane near Meguro, southern Tokyo, and the Tsukuba
Botanical Garden in Tsukuba Academic Town, Ibaraki Prefecture, 60
kilometres northcast of Tokyo.

Current innovations

Master’s course in teachers’ colleges. Two colleges—in the pre-
fectures of Hyogo and Niigata offer two-year master’s degree courses
for educational philosophy, cognitive development of children and
professional subjects. This is an attempt to provide high-level up-
dating of science teachers (and others) through in-service training.

Research project: scientists in schools programme. A grant-in-
aid from the government has enabled a project at Hiroshima Univer-
sity to be launched which permits scientists to visit individual schools
to assist with pilot lessons. This project has also sponsored a Citizens
Scientific Movement for the protection of plants and established an
Invention Club.

Sony Foundation of Science Education. The Sony Foundation
of Science Education was established in 1972, when a programme
was established for encouraging science education in elementary and
junior high schools in Japan. Sony supports students through the
Foundation to develop human potential and ability, especially em-

phasizing the ability to think. 135
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Schools showing outstanding programmes in scienice education
and the development of human potential through science education
have been awarded funds for the furtherance of their efforts.

The Sony Foundation, since its inception, has donated 552.2
million yen in total. More than 5,000 schools have applied for
grants and 1,682 schools have received awards. Schools apply to the
Foundation by submitting papers on, for example, how they foster
abilities in nature study.

The Foundation also has an international educational exchange
programme whereby students spend time in other countries and also
whereby science teachers undertake short overseas tours to the USA.
Five students were involved in the exchange programme in 1982 and
19 teachers participated in the overseas tour. o
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LAO PEOPLE’'S DEMOCRATIC REPUBLIC

The first Five-Year Plan (1981-1985) emphasizes the use of
modern machines in the field of socio-economic development and
the increase of scientific and technical research. Education is regard-
ed as a major factor in the development of manpower and the
economy. The new approach to education is based on equality of
all nationalities and on the principles that learning must go hand in
hand with work; education must be related to society; and political,
cultural and scientific education are interrelated.

The implementation of the new education will be based on the
following objectives:

a) the eradication of illiteracy;

b) the promotion of cultural and scientific standards parti-
cularly among workers and farmers;

c) the development of leaders for the future; and

d) the training of skilled workers and cadres of scientific-
technical personnel.

Educational system

The system of education comprises mass education; pre-school
education; general education; and vocational and university educa-
tion. The general education provides the cultural basis of education
for everyone and lays the foundation for national development in
the future.

The structure of general schools. The general schools are divid-
ed into three levels namely: primary school which is a five year
course (P 1 - P 5) for children aged 6 to 11 years; lower secondary
school which is a three year course (M 1 - M 3) for children aged 11
to 14 years; and upper secondary school which is a three year course
for children aged 14 to 17 years.

Enrolment at each of the above stagcs. Education has develop-
ed rapidly since 1975 particularly in regard to qaantity. The number
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of schools has nearly doubled, while the total enrolment of students
has more than doubled. Enrolment at the lower secondary and
upper levels has increased eight times and ten times respectively. The
comparison with education before 1975 is given in the table below.

General schools

Pre-1975 1981 - 1982

Number of schools 3,373 6,791
The total number of students 255,727 560,711
Primary level 245,852 480,535
Lower secondary level 8,364 64,456
Upper secondary level 1,510 15,720

(Statistics from Ministry of Education: 19§2)

Science education

Science begins at the primary level and is compulsory for all
through to grade XI.

Primary level. Children learn basic science through their reading
and recitation lessons in grades I, I and III. Grades IV and V have
7.5 per cent of instructional time allocated to teaching. This
amounts to two hours a week.

Lower secondary level. At lower secondary school, science is
taught for three hours a week in M.1 (grade VI), six hours a week in
M.2 (grade VII), and eight hours a week in M.3 (grade VIII). Physics
is taught as separate subject from grade VII while chemistry is taught
in grade VIIL

Upper secondary level. Upper secondary school science is
taught for ten hours a week in U.1 (grade IX), ten hours a week in
1.2 (grade X), and 11 hours a week in U.3 (grade XI). Mathematics
is not included in these figures.

Objectives of science education

The main objective of teaching science in general schools is to
train children at an early age to realize the scientific concept of the
world so as to cultivate a correct attitude toward the various forms
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of superstitions. Specifically it is to develop, objectively and logical-
ly, the concepts of the existence, movement and interrelationship of
matter; hence gradually enabling children to understand the mastery
of nature and to know how to transform nature for the service of
mankind.

The objectives of science teaching and learning at each stage
are:

Primary level. To make children basically understand living and
non living things, to distinguish what are the useful and useless things
for human life; to know the changes of seasons in each yezr; to know
how to find out the four cardinal points of the compass; to know
geographically and politically where Laos is located and its rich
natural resources.

To make . hildren logically and objectively understand about
natural phenomena, <uch as thunder, thunderbolts, thunderstorms,
earthquakes, so as to counteract controversial concepts learned
through superstitions. They should also realize what wind, water,
fluids and liquids are and how to use them in the service of mankind.

To make children understand about the human body and re-
lated aspects of health, cleanliness and sanitation.

Lower secondary level. To give children a basic knowledge of
systematic natural science, so as to develop their concepts and atti-
tudes about nature, love of nature and the realization of natural
phenomena.

To make children acknowledge the role and contribution of
science to human daily life, and how basic scientific criteria such as
wind, water, heat, light are used in the sphere of agricultural produc-
tion and animal husbandry.

Upper secondary level. To systematically constitute a wider
and deeper knowledge of science so that students will be able to
realize the basic principles and theories of science and develop the
ability to apply scientific knowledge in the transformation of nature
to the benefit of mankind.

Organization of science education

At the primary level science is taught as a basic subject and is
not taught as separate subjects. It provides children with basic
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information about nature, and the content is linked to daily life,
including the simple phenomena of nature, culture, animal raising,
hygiene and prophylaxis.

At lower and upper secondary levels science is taught as separ-
ate subjects: zoology, botany, physics, chemistry.

Development of curricula

There is, so far, no particular institute for the development and
evaluation of science curricula, but there is a bureau for collecting
data and information concerning the curriculum in general.

The general responsibility for education, including implemen-
tation of curricula, is divided as follows:

a) The Taseng or county level is responsible for primary edu-
cation (County Education Board);

b) The Muang or district level is responsible for lower secon-
dary education (District Education Board);

c) The Kweng or provincial level is responsible for upper
secondary education (Provincial Education Board); and is
also responsible for all education in the province being a
direct agent of the Ministry of Education.

At the central level there is a Committee for Educational Sci-
ence Research and Textbooks (CESRT) set up by the Ministry of
Education in 1983 by combining the department of research and
textbooks and the scientific and educational research committee. At
present the CESRT is the only institution for curricuium develop-
ment and textbooks.

The present curricula were introduced in 1975-1976 and have
not yet been revised.

Content of science curricula

In accordance with the present political and economic policy,
sciznce teaching and learning is focused on agriculture, forestry and
irrigation development.

The content at primary level is concerned with basic techniques
of growing vegetables, cereal plants, and fruit. It also covers hygiene,
disease and sanitation. At lower secondary level the content includes
a practical approach to agriculture and animal raising with aspects of
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vegetable gardening, forestry and farming. The emphasis at upper
secondary level is on improving living standards through such
methods as the use of electric power, irrigation and the selective
breeding of plants and animals.

Evaluation of students

Students are tested through internal lesson te.ts, monthly tests
and semester examinations. There is also a final examination at the
end of each stage or level of education. The decision as to whether
a student satisfies the requirements for promotion to the next grade
is ..sed on the average scores for all subjects plus assessment of
social and moral activities.

Practical work in science education

The following table gives the time available for practical activi-
ties within the science lessons.

a Total time for Time for practical activity | Percent-
ass science teaching or laboratory work age
Primary 106 hours (a) -
Lower secondary 428 33 hours (b) 8
Upper secondary 683 ” 51 " (b) 13.4

a) At the primary level there is no laboratory work, instead children are
guided through the practical activities of adults by observing agricul-
tural and co-operatives activities. In addition they have a daily exercise
in looking after co-operative gardens in accordance with their ages, for
at least one hour a day.

b) These are hours for laboratory work in biology, physics and chemistry
only, other activities such as growing plants and animal raising are
excluded,

Examinations

In general schools, practical activities are not assessed for final
examination purposes.

Equipment and apparatus

With the rapid development of general schools there are many
problems concerning the supply of instructional materials and
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equipment. In some schools in the urban areas there is some appar-
atus; but in rural areas teachers have to try to make use of local
materials, particularly for biological experiments.

Educational technology

At present, sophisticated educational technology is not used
because it is unsuitable for the economic condition of the country.
Generally speaking, simple educational technology has been practised
only in some schools in the main cities. This includes slides, films,
charts and so on. There is no educational technology in the form of
computers, television sets and other electronic equipment.

Teacher training

Previously, primary school teachers must have completed the
five year primary school course and taken a three year teacher train-
ing course. This was replaced in 1983 with entrants who had com-
pleted lower secondary school and who would take either a two or
three year teacher training course.

Secondary teachers must have completed lower secondary
school and take a three year teacher training course.

Upper secondary school teacher training is at university level
and may be one of two systems, either the regular system of 15
years duration comprising upper secondary school graduation and
four yecars teacher training, or the accelerated system of 13 years
duration (11+2). In addition the Pedagogic University of Vientiane
is responsible for iraining science teachers for vocational schools and
other universities as well as research assistants for other educational
activities.

In 1981-1982 there were 30 teacher training schools of educa-
tion throughout the country. There are 19 primary teacher training
schools of which two are for ethnic tribes; there are ten secondary
teacher training schools and one pedagogic university, with 1,805
students.

With the rapid expansion of the educational system there is a
shortage of qualified teachers of science, particularly at the lower
and upper secondary school levels. In the 1981-1982 year there
were 16,230 primary science teachers, 3,219 in lower secondary and
879 in upper secondary.
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In-service training

In order to overcome the problem of unqualified science
teachers the Ministry of Education has introduced, through Teacher
Training Boards at different levels, a programme of in-service training.
Six hours per week are allowed for teachers to improve their knowl-
edge and competence, through evening classes or by correspondence.
The in-service training follows the same curriculum as the pre-service
courses.

Educationa! research

There is, at present, no indigenous educational research in sci-
ence being undertaken. The results of educational research in other
countries is adapted and applied to the teaching of science in Laos.

Plans for educational research programmes for the future have
been developed with special reference to the methodology of scierice
teaching and to the improvement of qualifications.

In 1983, in order to implement these plans, the Ministry of
Education set up an organization called the Committee for Educa-
tional Science Research and Textbooks (CESRT).

Out-of-school science and popularization of science
and technology

Although priority is given to the eradication of illiteracy, atten-
tion is given, albeit limited, to the popularization of science and
technology and to other out-of-school activities for youth and adults.

Radio broadcasts, daily newspapers and magazines are import-
ant media in the popularization of science and technology. Science
topics on the radio programmes concern agriculture, forestry and
an.mal husbandry, which are regarded as main tasks for the country.
In addition, radio broadcasts on health advise peuple how tv prevent
diseases. In the daily newspapers, at least une column is reserved for
the popularization of science. Among the newspapers and magazines
that popularise science are Pasason (The people), Vientiane May
(New Vientiane), Svksamay (The new education), /eying Lao (The
Lao women), and Sathalanasuk (The health service).

In addition the Ministry of Education arranges a scientific exhi-
bition, once a year, un the occasion of the National Day celebrations.
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Current innovations

Since the Lao People’s Democratic Republic was established in
1975, all aspects of national development have been subject to inno-
vation. In education the following innovations should be mentioned:

a) Developing the content areas of the curriculum to be corre-
lated with real life;

b) Designing instructional materials related to the raw mate-
rials available in localities and the real circumstances of the
country;

¢) Developing science teacher training at the central level, so
as to update the science teachers’ knowledge and com-
petencies, particularly on mathematics, physics, chemistry
and biology. a
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MALAYSIA

In Malaysia, a developing nation, the national ideology known
as rukunegara refers, among other things, to a national aspiration for
a progressive society oriented to modern science and technology.
Science education therefore has been given due recognition as contri-
buting to the totality of the individual’s general education. Educa-
tion policies have been geared to meet the needs for economic and
social development. The four Malaysia Plans (1965-1985) have been
formulated to meet these needs for rapid development, industrializ-
ation and modernization. The realization of the role of science edu-
cation in this process of development is apparent in the second and
third Malaysia Plans which have emphasized an education oriented
towards science and technology, and towards meeting the manpower
needs of the nation.

However, the Fourth Malaysia Plan (1981-1985), which empha-
sizes that the recommendations of the Cabinet Committee Report on
Education (1979) would form the basis of the education programmes,
points to the need for a balanced education, in particular a balance
between the Sciences and the Humanities. While still catering to the
nation’s manpower needs, due consideration needs to be given to
developing an understanding of the usefulness of scientific knowl-
edge and processes in its application to daily life and society. The
role of science education in the context of a general education needs
to be examined. It is in this light that the Curriculum Development
Centre of the Ministry of Education is currently engaged in concep-
tualizing such a science education programme for the school level.

Besides the efforts towards improving school science education
to cater for the overall development of the individual and thus the
nation’s needs, efforts are alsv being made towards improving science
education outside the school level. The Science University, the
Agriculture University and the University of Technology have been
established with this aim in mind. The Ministry of Science and
Environment was established in 1975. An Advisory Council for the
Promotion and Development of Science has been established. All
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these are indicative of efforts towards improving and providing sci-
ence education for out-of-school youth and adults, and towards the
popularization of science and technology.

Structure of school education

The system. The school system consists of primary, lower sec-
ondary, upper secondary and post secondary levels, (see Figure 1).
Primary level education consists of six years (grades I - VI) and
begins on the average, at age 6 plus. The lower secondary level con-
sists of three years (grades VII - IX), and upper secondary education
is two further years (grades X and XI). In general, post-secondary
education consists of two years.

Pupils from Chinese and Tamil primary schools will have to
spend an extra year in remove classes before proceeding to grade VII
in lower secondary. This is a transitional period provided to give in-
tensive language lessons to pupils who would be experiencing a
change in the medium of instruction from the primary to ie secon-
dary.

At the upper secondary level, there are three streams, namely,
the vocational, technical and a.ademic streams. The academic
stream is subdivided into Arts and Science streams.

The post-secondar,” level consists of Arts, Science and Technical
streams. This level also includes teacher education colleges, poly-
technics and other institutions offering Diploma courses.

School enrolment. The enrolment for the various levels of the
school system in 1977 is summarized in the table below.

Level Enrolment
Primary 1,609,335
Lower secondary 632,753
Upper secondary 197,282
Post-secondary 23,028

Source . Lducational Planning and Research Division, Ministry of Edu-
cation, Malaysia. 1977.
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Figure 1. School system of Malaysia, 1979*

Level Primary Lower secondary Upper seco. sary Post secondary ** Tertiary
asef6 |78 ]9 [1o ] [i2]is Jia] 15 |16 | 17 |18 | "
Standard Form
[tl2]sf+]s[s6fr
(Chinesel ' Vocational University,
Form Form 6 Polytechnic,
2 I 0 o N I R T S e s e
(Bahasa Malaysia Academic (Arts, Science g)o‘f:ss;l;)lml
(Arts, Science) Technical)
Lif2[sfa]s 6 Jr
[Tamill : Gollege,
Technical Polytechnic,

[ | Indicates main medium of instruction.

Public examination

€ lower Certificate of Education (LCE) R.
@ Malaysian Vocational Certificate (MV()

4 Malaysan Certificate of Education (MCE]

@ Higher School Certificate (HSC)

* Source: Asiah Abu Samah

Curriculum Development in Mailaysa **

L L L

(Diploma courses)

€--- - (Bahasa Malaysia] ----- Agm - mmm s (Bahas~ Malzysia and English} -----~-------->

Remove classes are transitional classes of one year’s duration provided to give
intensive language lessons to pu,.ls who have to change their medium of learnirg
from Chinese or Tamil at the primary level to Bahasa Malaysia at the secondary
level. An extra year must be added to the ages of pupils who proceed from the
Remove classes,

Sixth Form classes, teacher training institutions, polytechnics and other institu.
tions offering Diploma Courses,

Universities and other institutions offering Professional Courses.
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At the upper secondary, 61.8 per cent of the pupils entered the
Arts stream, 31.3 per cent entered the Science stream, 2.5 per cent
entered the Technical stream and 4.4 per cent entered the Vocational
strcam. At the post-secondary level 53.1 per cent entered the Arts
stream and 46.9 per cent entered the Science stream.

The transition rate from primary to lower secondary level was
87.8 per cent, from lower secondary to upper secondary level was
65.0 per cent, and from upper secondary to post-secondary level was
15.7 per cent.

In 1983 the enrolment at the primary level was more than two

million. The secondary level encolment was 1.1 million and the
enrolment in technical and vocational streams was 19,000.

Science educatic.n in schools

General. Science in the existing curriculum is taught from grade
I. It is a compulsory subject at all levels of school education with the
exception of the pre-university level where it is an option. At the
primary level science is taught as a single subject throughout the six
years. With the introduction of the new primary curriculum in 1983,

with the emphasis on the basic skills in education, science is to be
incorporated as part of the subject Man and his Environment. Sci-
ence will thus in future be intioduced at the upper primary level
(grade IV) as compared to introduction at grade I level in the existing
curriculum.

At the lower secondary level (grades VII-IX) integrated science
is taught to all pupils. At the upper secondary level, science stream
pupils are taught chemistry, physics and biology and the arts stream
pupils are taught general science. At the post-secondary level, the
uptions available for science stream students are biology, chemistry,
physics and mathematics. As from 1983, other options such as geo-
grapky and econoumics will also be made available to science stream
students at the post-secondary level.

Science is taught as an optional subject at the upper secondary
level. At this level, three types of schools exist, namely academic,
technical and vocational. The academic schools consist of the Arts
and Science streams.  About 30 poi cent of the pupils opt for the
Science stream, and hence are taught physics, chemistry and biolegy.
About 60 per cent of the pupils opt for the Arts stream, and are
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taught general science. Pupils in technical schools also study chemis-
try, physics and biology.

Currently the policy guidelines for the education system in
Malaysia are provided by the Cabinet Committee Repcrt (1979) and
the Fourth Malaysia Plan (1981-1985). A major empbhasis is towards
the qualitative improvement of school educaidon for the overall
development of the individual. Such an education would focus on a
basic general education that is suitable for all yet flexible enough to
cater for the needs of the individual. School science education in
this context would thus have to be reviewed. In particular, science
education at the 1.pper secondary level would have to be modified to
cater for all punils. From the point of view of the role of science
education in general education at the scnool level, there is a need to
develop a ‘Sciece for All’ curricuium. The Curriculum Development
Centre is in the process of conceptualizing such a science education
programme at the sccondary level.

Time available for science. At the primary level, in grades I and
I, 6.5 per cent of the total instructional time, or three periods per
week, is devoted to science. In grade III, 6 per cent of the total in-
structional time is devoted to science and the number of periods per
week is still three. By grade IV, the percentage has increased to 8 per
cent and the number of periods per week to four. In grades V and
VI although the percentage of instructional time drops to 7 per cent
the number of periods remains at four. In the new primary curricu-
lum, in grades IV-VI, 18.7 per cent of the total instructional time
will be devoted to the subject Man and his Environment which incor-
porates science.

At the lower secondary level (grades VII-IX), 11 per cent of the
total instructional time is devoted to science, with five periods of
science per week.

At the upper secondary level (grades X-XI), for the Arts stream
pupils who study general science, 11 per cent of the total instruc-
tional time is devoted to science which is equivalent to five periods
of scien-e per week. For the Science stream pupils who study
chemistry, physics and biology, 34 per cent of the total instructional
time is dev oted to science, which is 15 periods per week.

At the pre-university level for the science stream, 72 per cent of
the total instructional time is available for science, which is equiva-
lent to 32 periods of science per week.
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The science curricula objectives. Science education at the
primary level is aimed at learning skills of inquiry, fosiciing attitudes
and developing basic concepts. Children are given the opportunity to
acquire basic ideas that can lay the foundation for a gradually more
sophisticated understanding of their environment. One of the main
aims of teaching science at this level is to assist the pupils to learn
how to live in their environment and to appreciate and intelligently
use this scientific knc .ledge in dealing with problems in their
environment.

At the lower secondary level, the objectives of science educa-
tion are the acquisition of scientific knowledge, understanding basic
principles, development of scientific practical skills and acquisition
of a favourable attitude towards science. Due emphasis is given to
conceptual understanding in science, scientific thinking and scientific
processes.

At the upper secondary level science education is concerned
with two categories of pupils namely the Arts and the Science stream
pupils. Science educaticn for the Arts stream is intended to encour-
age the students to adopt a scientific way of thinking, to develop
certain basic manipulative as well as thinking skills, and to inculcate
desirable attitudes towards science. Science education for the Sci-
ence stream is aimed at the acquisition of a basic knowledge of
biology, chemistry and physics and an understanding of their under-
lying principles. It emphasizes an understanding of the schemes of
inquiry by defining a problem, stating a hypothesis, designing experi-
mental investigations to tes. the hypothesis and making tentative
valid deductions. It also provides the foundation for further study of
biology, chemistry and physics at a more advanced level.

Curricular organization. The existing primary science curricu-
lum is organized as an integrated science, emphasizing observation
and study of the environment with the resulting development of con-
cepts derived from them. It is divided into units, which include,
among others, Animals and plants are living things; Land, water and
air affect animals and plants; Adaptation to environment; and Life
processes in plants and animals; to name but a few. Some units,
which are touched on briefly in the lower grades, are given a deeper
treatment in tne upper grades, along with new units suitable to the
interests and abilities of upper primary pupils.
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The lower secondary level science curriculum is also organized
as an integrated science in the following units: introducing science;
observing living things; energy; matter as particles; some common
gases; cells and reproduction; heat flow; electricity; hydrogen, acids
and bases; detecting the environment; solutes and solvents; food and
transport systems; more about electricity; support and movement;
the earth.

These units are spread over a period of three years. The curricu-
lum is activity-oriented and the teaching and learning activities come
in the form of worksheets accompanied by teachers’ guides.

The upper secondary science for the Arts stream is organized as
integrated science. The content is selected and developed as inte-
grated (interdisciplinary) themes. Integration of the various disci-
plines of science, where possible and relevant, is catered for in the
curriculum. This is a functional science curriculum which empha-
sizes the applications of science to everyday living. Areas such as
agriculture; industry; medicine; food; and health; among others, are
included in the curriculum. Conceptual schemes are used to provide
a logical organization to the content. The curriculum is activity-
oriented. Teachers’ guides are provided, where additional infor-
mation pertaining to the activities in the pupil’s books, is included to
assist the teacher, in the teaching/leaming process. Topics covered in
this science curriculum include: the world through our senses; light
and colour; atoms and the structure of matter; energy conversions in
our bodies; electricity and energy; chemicals and energy; the balance
of nature; the world food problem and the chemist; production and
transmission of elcctricity; cell division and inheritance, electricity
and chemical reaction; motion; microbes and man; natural and
synthetic carbon compounds; and communication (see Figure 2).

The upper secondary science for Science stream pupils is taught
as separate subject disciplines of biology, chemistry and physics.
These three curricula have been developed to provide a continuation
from the integrated science curriculum at the lower secondary level.
These curricula ~phasize the understanding of basic concepts and
principles in puysics, chemistry and biology. The curricula are
activity -oriented. Experimentation and inquiry emphasized in the
curriculum seek to develop basic skills in science. Teachers’ guides
provide additional intormation pertaining to activities in the pupil’s
books, to assist teachers in the teaching/learning process.
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Figure 2. Conceptual relationships among topics
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Source : General Science (Malaysian Syllabus) Teacher’s Guide.

Infrastructure for curriculum development. The Curriculum
Development Centre of the Ministry of Education is responsible for
developing and evaluating science curricula for the whole spectrum
of school science education ranging from primary to lower secondary
to upper secondary. The formation of the Central Curriculum Com-
mittee (CCC) in the late 1960s was an attempt to institutionalize
curriculum development. This committee is a high-powered policy
decision body responsible for the direction of curriculum develop-
ment at the national level. The curriculum unit of the Educational
Planning and Research Division of the Ministry of Education func-
tioned as the secretariat to the CCC. Around this time, the Schools
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Division of the Ministry of Education had established a functional
unit referred to as the Science Centre. This centre was responsible
specifically for research, planning, organization and implementation
of science curricula. The proposal for formalizing this centre as a
science education centre resulted in the establishment of the Educa-
tion Development Centre which later became the Curriculum Devel-
opment Centre in 1973. The infrastructure for curriculum develop-
ment in Malaysia was thus established.

‘The mechanisms used for developing and evaluating science
curricula at the various levels of the school system are summarized in
Figure 3 on the following page.

Curriculum renewal. The primary science syllabus was intro-
duced in 1965. Later, the concern for the poor performance of
pupils in the rural primary schools, particularly in science and math-
ematics, and hence the need to remedy this situation, resulted in the
establishment in 1968 of the special primary Science and Mathema-
tics Project. This was a centrally controlled undertaking aimed at
improving the quality of science and mathematics teaching at the
clementary level. An important objective of this project was to pro-
vide sustained teacher support services, which included among others,
teachers’ guides introducing the inquiry-oriented approach to science
teaching. Specifically the project attempted to prepare teachers’
guides based on the existing syllabus, to train supervisors and key
personnel, and to set up a number of Centres of Excellence that
catered for teachers in the country. The project emphasized pupil-
centred, activity-oriented, inquiry-based teaching/learning of science.
These curricular materials are currently used in the teaching of
science at the elementary level.

Science curricular innovations at the secondary level were intro-
duced in the late 1960s. The need to improve the quality of science
education in Malaysia, besides the influence of world trends in
science and science education in the post-sputnik era, resulted in the
introduction of these innovations. Some modern science curricula
that had been successfully implemented in other countries, were
examined with the view to adapting them on the basis of their suit-
ability. Thus the integrated science curriculum was introduced at the
lower secondary level in Malaysian schools in 1969. This curriculum
was based on the Scottish Integrated Science Curriculum. The
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Figure 3. Framework for science curriculum development
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Malaysian pure science curricula (biology, chemistry and physics)
were introduced in 1972 for the upper secondary level Science
stream pupils. The Malaysian General Science Curriculum was intro-
duced at the upper secondary level for the Arts stream pupils in 1974.
These science curricula at the upper secondary level were adaptations
from the Nuffield Sciences of the United Kingdom. These science
curricular innovations emphazized: (i) updating science content and
the use of local materials where possible; (i) teaching/learning ap-
proaches which are inquiry and discovery based, pupil-centred and
activity-oriented, and (iii) conceptual understanding and application
to daily living.

Curricular relevance. The rationale for the introduction of
science curricula innovations at the primary, lower secondary and
upper secondary level was, among others, to make the science learn-
ed in schools applicable to real-life situations and to give due em-
phasis to social issues that are science-related, such as environmental
pollution.

In the existing primary science curriculum, a section entitled
‘Science in everyday life’ is included. This section points out how
science helps man to safeguard public health, provide better public
services such as water purification plants, sewage disposal and electri-
city, improve agriculture and improve industrial production.

The application of science to everyday life is given due emphasis
in the lower secondary integrated science curriculum. In the section
on ‘Energy’ and ‘Energy converters in action’, common examples
such as the electric fan, telephone, radio, and clock are used to em-
phasize the application of energy conversion in everyday life. In the
section on ‘Heat transfer’ an explanation of natural phenomena such
as radiation from the sun, and land and sea breezes, is given as appli-
cations to everyday life. In a section on ‘The soil environment’,
there is a brief mention of man’s interference and the need for
conservation.

In the Malaysian general science curriculum for the upper secon
dary level, in a section on ‘colour’, reference is made to such aspects
as application to colour printing and the importance of colour in
cveryday life. The curriculum includes a section on the effect of
man on the balance of nature, where the different forms of pollution,
their causes and control, and conservation of nature are dealt with.
Social issues are thus given due emphasis.
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In the section on ‘Energy and chemical change’ in the chemistry
curriculum, reference is made to chemical changes in the production
of energy for industrial purposes. In ‘Rates of reaction’, its appli-
cation in manufacturing processes is dealt with. In the biology cur-
riculum, the beneficial and harmful activities of microbes are discuss-
ed. Their applications to industry, sewage disposal and control of
disease are treated. In the physics curriculum, the magnetic effect of
a current, the electromagnet and its application in the making of the
electric bell are included in the content.

As can be seen from the examples discussed above, there is a
fair reflection of real-life situations and science-related social issues
in the science curriculum. However, there is room for improvement
in this area of science and social issues.

Assessment. New methods of assessing achievement in conjunc-
tion with the new science curricula, had to be introduced. Co-
operation with the Examination Syndicate of the Ministry of Educa-
tion was therefure necessary. Workshops were organized for sclected
teachers and other education personnel of the Ministry of Education
for the purpose of test item construciion. The resulting new mode
of assessment covered areas of higher cognitive levels like application
and synthesis, other then mere knowledge.

The assessment of pupil’s achievement is carried out externally
in the form of national public examinations. These examinations
include the Standard 5 (grade V) assessment where test items are of
the objective type. This includes multiple choice and multiple com-
pletion types of questions. The lower certificate examination for
integrated science at the lower secondary level examines pupils’
abilities tu recall knowledge, comprehend scientific concepts and
principies, and apply them. This is in keeping with the rationale,
aims and objectives of the new curriculum. The test items are all of
the ubjective type and include multiple choice and multiple comple-
tion types.

Examinations for general science and chemistry, physics and
biology at the upper secondary level include questions of three types,
namely objective (multiple choice and multiple completion), struc-
tured and free response type. Structured type questions provide
situations to assess the pupils’ abilities tu organize and present scien
tific ideas in a clear and logical manner. For chemistry, physics and
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biology, besides the theory papers, the pupils have to sit for a labora-
tory practical test which assesses the manipulative and observational
skills, ability to record, present results and to make inferences from
their results.

Science activities, laboratory work and equipment. The new
science curricula at the primary, lower secondary and upper secon-
dary levels are all activity-oriented and inquiry based. As such, prac-
tical activities and laboratory work become an important component
in the science teaching/learning situation. About 60 per cent of total
curricular time available for science teaching is devoted to practical
activities at all levels.

For the primary and lower secondary levels, practical work is
not examinable in the public examinations. However, at the upper
secondary level, practical work in chemistry, physics and biology for
the Science strcam pupils is examinable in the Malaysian Certificate
of Education examination. Students (ake a special practical examin-
ation, consisting of a one and three-quarter hour paper, which repre-
sents 10 per cent of the marks in the examinations.

Generally, science equipment and apparatus available in schools
is adequate to meet the needs of the new science curricula. The ini-
tial shortage of science equipment and apparatus experienced by
schools through the introduction of new science curricula has largely
been overcome. The Curriculum Development Centre of the Minis-
try of Education is currently engaged in the production of bluep:ints
for prototype apparatus for commercial adoption or for use by
teachers. Information to this effect is disseminated through the
Science newsletter published by the Curriculum Development Centre.
Some prototypes which have been developed for physics, include the
pile driver, simple air-table, electronic circvit board, regulated power
supply and longitudinal wave demonstration apparatus. These proto-
types are currently being tried out in schools. With the help of the
information disseminated through the newsletter, teachers are able to
improvise some of the apparatus using locally available materials.

The infrastructure for prototype development of science appar-
atus and equipment and their quality contiol is well established with-
in the Ministry of Education. As such there is a gradual shift from
importing science apparatus to one of reliance on local manufacture.
Currently a small percentage of the science apparatus used in schools
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is locally manufactured. A large percentage of the science apparatus
is still imported.

The Science Centre set up in 1969 to plan, develop, implement
and evaluate the school science curricula, and which was later estab-
lished as the Curriculum Development Centre in 1973, consisted of a
prototype and quality control of apparatus unit, beside the science
and mathematics units. The functions of this prototype unit includ-
ed, among others, the development of prototype educational equip-
ment for physics, chemistry, biology, general science, integrated
science at the lower secondary level, and primary science. The proto-
type developed is based on the needs of science curriculum officers
and science teachers who may wish to try out an apparatus they have
designed. An important role of the prototype unit is to investigate
and provide for the local production of such items, with the use of
local materials as far as possible.

The Prototype Unit also provides technical know-how to local
manufacturers. The unit has facilities for testing the quality of edu-
cational equipment manufactured. The samples supplied by manu-
facturers to the Central Tender Board are tested and their quality
and suitability determined. This ensures the proper and economical
use of school science funds.

Use of educational technology

Activity-oriented, inquiry -based teaching/learning of science has
created the nced for the use of a greater range of resources. A wide
range of audio-visual aids is used in schools for teaching scicnce.
Such audio-visual aids include slides, film-strips, wall charts, and
three-dimensional models. The Audio-Visual Aids section of the
Ministry of Education has made available such resources and key
personnel at the state level to enable maximum use of such aids in
the teaching/learning process in most schools. Other sophisticated
technologies used in schools include the overhead projector, audio-
tape cassette and video-tape cassette. Science teaching in schouis is
further supplemented by educational television programmes on
science. However, programmes on using computers are not available.
Efforts towards incorporating such strategies in science education
are underway.
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Teacher education qualifications

Primary. Science teachers at this level possess a minimum aca-
demic qualification of a certificate in the Malaysian Certificate of
Education examination. In addition, they have undergone a three-
year teacher training programme to acquire professional qualifica-
tions. They are trained to teach all subjects including science at the
primary level.

Lower secondary. Science teachers at this lev 1 possess a mini-
mum academic qualification of the Malaysian Certificate of Educa-
tion. These teachers have to undergo a three-year teacher training
programme in teacher training colleges specializing in science educa-
tion. Beside the basic courses in education, science is an option at
these colleges.

Upper secondary. The minimum academic qualification of
science teachers at this level is a science degree. To acquire their
professional qualification, these teachers undergo a one year diploma
in education course at university. In this diploma course, besides the
core course in ‘Principles of Educational Practice’, two science
methods courses are taken as options. (Science methods include
chemistry, physics and biology).

Number of teachers. The shortage of qualified and trained sci-
ence teachers for various levels of the education system was a signifi-
cant problem in the 1960s and the 1970s. However, this situation
has improved to a large extent, with no severe shortage of science
teachers at the various levels. This is shown by data from the Cabi-
net Comniittee Report on Lducation (1979).

Teachers Need Available | Excess (+)/
shortage (-)

College trained 70,471 60,881 - 9,590
Science graduates 2,711 1,590 - 1,121

Status in 1975
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Teachers Need Available | Excess (+)/
Shortage (-)

College trained 84,890 86,965 +2,075
Science graduates | 7,803 9,570 +1,767

Status in 1975

Pre-service teacher education programme. Pre-service teacher
education in Malaysia is organized at two levels, namely the Diploma
in Education and the Certificate in Education. The Diploma in Edu-
cation course is available in the Faculties of Education of universities,
while the Certificate in Education course is offered by the Teacher
Education Division of the Ministry of Education through its teachers’
colleges.

Certificate in education. The teacher education programme for
the Certificate in Education is aimed at producing qualified teachers
for the elementary level and lower secondary level in schools. This is
a new three-year programme, introduced in 1981, to replace the two-
year Integrated Teacher Training Programme which has been in exis-
tence in all colleges since 1973. The introduction of this innovation
in the teache' education programme at this level is in keeping with
the recommendations of the Cabinet Committee Report on Educa-
tion (1979).

Based un the entry requirements, selected candidates are sent to
onc of the 26 Teachers’ Colleges in Malaysia to undergo a three-year
full-time teacher ecducation programme, leading either to the Primary
School Teacher Certificate or the Secondary School Teacher Certifi-
cate. Provision is made for school subject specializations within each
programme,

The teacher education curricalum at this level consists of: (i)
Core courses; (i) School subject/Specialization courses; (iii) Self-
enrichment courses; (iv) Teaching practice; and (v) Co-curricular
activities.

Core courses are common to both the primary and lower secon-
dary tcacher programmes. The core courses consist of: (i) Education;
(i) Educational technology; (iii) National language (proficiency);
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(iv) English language (proficiency); (v) Physical and health education;
(vi) Islamic civilization; and (vii) Islamic religious education (for
Muslim students) or Moral education (for non-Muslim students).

The primary programme students would normally cover all
subjects of the primary school curriculum with special emphasis
given to their subject specialization. The secondary programme
students would follow the courses of subject specialization, which in
the case of science teachers would be science and mathematics. The
school subject courses would cover pedagogical as well as academic
aspects of the subject. The secondary programme students are also
required to take specially designed enrichment courses on civics,
music, art education and mathematics and science. These courses are
intended to complement the training programme and to provide a
balanced education for these prospective teachers.

The examination for this teacher education programme consists
of two parts. Part I is taken at the end of term four of the nine
terms and Part I is taken at the end of the three-year course. In the
examination system, course work assessment and terminal examin-
ations are of equal importance and are given equal weightage in the
final results. The students undergo 18 weeks of teaching practice—6
wecks during Part I and 12 weeks during Part II.

Diploma in education. This course is organized by the univer-
sitics. A candidate for the course must be a graduate of a university.
The programme of studies for the Diploma in Education at the Uni-
versity of Malaya extends over a period of one year of full-time
study, and consists of heory and practical. The programme com-
prises 13 units of coursework, six units of practical teaching in the
classroom, and one unit course in physical education and co-urricu-
lar activities. The 13 units of course work consist of:

i) Three units of foundations of education, namely psycho-
logical studies in education, pedagogical studies in education
and education in Malaysia;

ii) Six units of methodology of teaching. A candidate must take
two subject method courses. For science education, the sub-
jects include physics, chemistry, biology, mathematics, agri-
culture, engineering rechnology and geology; and
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ili) Four units of educational ele *ives courses to be chosen from
a list of courses offered by the faculty from time to time,
including a one unit course in sociology.

The six units of Teaching Practice consist of ten weeks of teach-
ing and guided observation in educational institutions and/or micro-
teaching laboratories.

The examination for the Diploma in Education consists of two
parts. The Part I examination comprises (i) a two-hour written paper
in each of the prescribed courses in foundations of education; (ii) an
examination and Jor assignments in each of the four prescribed elec-
tive courses; and (iii) an examination and/or evaluation of physical
education and co-curricufar activities.

The Part II examination comprises (i) an assessment of teaching
practice; and (ii) such examinations and/or assignments as may be
determined by the Faculty for the subject-method courses.

The programme described above is the end-on programme
where the Diploma in Education course follows the completion of
the basic science degree course. Another programme that is available
now is the concurrent B.Sc.Ed. (Bachelor of Science with Education
degree) course where the education competent is incorporated in the
basic science degree programme. This is a four year programme.

In-service education. With the introduction of the science
curricula innovations in the various stages of school science educa-
tion, there was a need to provide in-cervice education to science
teachers at these various levels, in order to facilitate implementation.
To begin with, in-service courses were conducted to familiarize sci-
ence teachers with the content and teaching approaches implied in
the new science curriculum. Participants in these initial in-service
courses in turn became tutors for subsequent in-service courses.
Thus the in-service courses held initially at the national level, were
later held at the state levels. These courses were normally held
during the school holidays. Such in-service courses for science
teachers have been conducted for elementary science teachers, sci-
ence teachers at wic lower secondary level, general science teachers
at the upper secondary level and chemistry, biology and physics
teachers at the upper sec >ndary level.

One of the most crucial factors that determines the success of
a curriculum innovation is the ability of the teacher to implement, as
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closely as possible, the philosophy and objectives of the innovation
in the teaching/learning situation. Undoubtedly, the one-shot type
of in-service courses conducted initially following the introduction of
curricula innovations is not sufficient. This points to the need to
conceptualize in-service teacher education as a continuum to facili-
tate curriculum innovation and implementation. The introduction of
a tutors’ training programme in 1974 was a strategy to improve the
effectiveness of the science teachers’ in-service courses. Such a
course was held again in 1975, and, in 1977 a five-year project
(1977-1981) was formulated for key personnel in integrated science,
general science and chemistry, physics and biology. The Curriculum
Development Centre was responsible for organizing and conducting
these in-service cowrses. The aims of these in-service courses were
broadened from one of merely training tutors to that of enabling
thern to participate actively in curricular activivies at the district,
state and national levels, and in professional bodies like the Science
Teachers Associations. The areas covered in these courses included:

i) Philosophy and rationale of curricula;

ii) Teaching/learning approaches;
ili) Laboratory management and improvisation;
iv) Science terminologies in the national language;
v) In-service education;
vi) Curriculum evaluation;
vii) Classroom testing techniques; and

viii) Current science-related social issues such as environmental
pollution and energy conservation.

Thus it can be seen that the science teacher in-service education
provided is viewed as an on-guing ac.ivity aimed at improving teacher
competences in various areas.

Research in science education

Problems investizated and remedial actions. The science cur-
riculum innovations, with their inquiry-based activity-oriented
approaches to the teaching/learning of science, have given rise to
some problems. One is the concern for the effective implementation
of this inquiry -based teaching. Other problem areas include lack of
apparatus, an important component in this activity mode of teach-
ing/learning in science, and the concern for the effectiveness of in-
service education. Several studies have been carried out along the
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lines of hese concerns in science education and steps have been
taken, where possible, to remedy these situations.

In an evaluation of science and mathematics education in rela-
tion to the Mid-Term Review of the Second Malaysia Plan, Sim et. al.
(1973) pointed out that,

[teachers] do not come to grips with the crucial
issues, such as those pertaining to the careful
differentiation of specific airangements needed
to ensure that every pupil, as well as the teacher,
would be able to engage in meaningful inquiry.

In a study on the formative evaluation of the general science
curriculum, carried out by the Curriculum Development Centre 1976,
a systematic observation of the teaching/learning milieu was made at
the classroom level. Information on the strengths and weaknesses in
the teaching/learning processes of general science was thus obtained.
Generally teachers did not raise pertinent questions during the period
of pupil experimentation, which could enhance inquiry learning in
science. Furthermore, effective consolidation in the teaching/learn-
ing of science, through discussions of results and inferences, was
weak.

The summative evaluation of the integrated scieuce curriculum
is another study conducted by the Curriculum Development Centre
in 1982. This study aimed to evaluate the extent of implementation
of the teachingflearning of science, and its relationship to pupil
achievement. A measure of pupil achievement was obtained through
the administration of a pre- and post-test. A systematic observation
of the teaching/learning situations in the classrooms of selected
teachers was carried out. The instrument used for this purpose was a
structured observation schedule. The teachers were categorized as
high, medium or low implementors based on the extent to which
they had implemented the intended teaching/learning behaviour. In
general, the high implementing teachers obtained higher achievement
in the pupils. High implementing teachers were more inquiry-
oriented in their teach'g/learning situations in the classroom. The
strengths and weaknesses as revealed by this study have been used in
the in-service education of science teachers.

A study on teacher perceptions of objectives for science teach-
ing by Cheong and Wang (1977) revealed that teachers do not give
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due emphasis to objectives that are affect-oriented. This is inconsist-
with the explicit aims of the general science curriculum to promote
the development of healthy attitudes and interests toward scientific
activities.  This study further revealed that graduate and non-
graduate teachers possessed constrasting views as to which are the
priority objectives of this curriculum. Graduate teachers were of the
opinior: that the general science curriculum aimed at developing cer-
tain higher level cognitive abilities, such as conceptual understanding
and application of knowledge, while non-graduate teachers gave em-
phasis to lower level objectives such as observation and manipulative
skills. Cne could infer that the in-service education has not been
successful in communicacing the intentions of the curriculum.

The science curriculum innovations, with emphasis on activity-
oriented teaching, imply the need for effective laboratory manage-
ment, maintenance of science apparatus and equipment and the need
to improvise where necessary. A suney conducted by the Curricu-
lum Development Centre in 1979 revealed the need for the improvis-
ation of science apparatus, in particular for physics and to a certain
extent in biology. This does not include c.mmon apparatus that can
be purchased with the school science funds. It refers more to the
high priced apparatus that can be improvised by using locally avail-
able materials. As a follow-up of this survey, workshops have been
held to produce blueprints for such apparatus that can be improvised.
Participants in these workshops include practising teachers, science
curriculum c *ficers and officers of the Prototype Unit of the Curricu-
lum Developmen: Centre.

Institutions responsible for research in science education. Re-
search in science education is conducted by the Ministry of Educa-
tion and the Faculties of Education of the universities. The Regional
Centre for Education in Science and Mathematics (RECSAM), situ-
ated in Penang, is a regional organization set up to help improve
science and mathematics cducation in South-East Asian countries.
This centre is al. . actively involved in conducting research on aspects
of science education. Some research studies undertaken by these
institutions include:

i) The effects of inductive/deductive approaches in the teaching
of two topics from Nuffield-based modern physics. (Lim
Meng Mui, M.Ed. Thesis University of Malaya 1976);
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ii) Relationships between cognitive development and the learn-
ing of science and mathematics. (Khoo Phon Sai, Ph.D
Thesis, University of Malaya, 1972);

ili) Teacher perceptions of objectives for science teaching.
(Cheong Siew Yoong & Wang Chee Seng, University of
Malaya, 1977);

iv) Summative evaluation of integrated science. (Ministry of
Education, Malaysia, 1982);

v) Environmental problems and orientations. A Malaysian case
study. (Cheong Siew Yoong, University of Malaya, 1980);

vi) In-service teacher education for curriculum innovation with
particular reference to secondary school science in Malaysia.
(Somasundaram, Indra, 1980, M.Ed. Dessertation, University
of London);

vii) Perceived use of inquiry teaching by a sample of Malaysian
biology teachers. (Nor Asma Ismail & Peter A. Rubba, 1981
South Illinois University, U.S.);

viii) An alternative approach to teaching the concept of field in
secondary level physics. (Tamby Subahan, 1981, National
University of Malaysia);

ix) The development and field test of environmental education
topics in biology in 2 grade X classroom. (Abdul Main
Salimcn, 1980. University Pertanian Malaysia); and

x) Environmental control by legislation—A Malaysian case study.
(Ariffin Suhaimi, 1980. University Pertanian Malaysia).

Programmes for out-of-school youth and aduits and popularization
of science and technology

Various programmes are organized from time to time to cater
for the out-of-school population and to popularize science and tech-
nology. The Young Scientist, which is televised, is one such pro-
gramme. In this programme, selected science projects of upper
secondary level students are televised. The students are given the
opportunity to discuss their projects in terms of scientific methods
used, observations made, results obtained and inferences made.
Panel members then comment on the strengths and weaknesses of
the projects and give suggestions for improvements. These projects
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cover areas of current interest in science such as environmental
pollution, solar energy, hydroponics and food production. In this
way, the programme not only serves the school population, but also
the out of-school population. It further stimulates interest in science
and technology in the general public.

Information on science and technology is usually provided by
the mass media. The television and radio are used to a considerable
extent for the purpose of science education. In addition to the
Young Scientist programme, there are other programmes on science
on radio and televisior.. This includes an education television series
on school science curricula. Newsletters and articles on science and
technology are published by various organizations and groups.

Current innovations

Curricular innovations. The Curriculum Development Centre of
the Ministry of Education is currently engaged in conceptualizing a
general education for the school level. In this context, due emphasis
is to be given to the need for a balanced education, in particular the
balance between the sciences and the humanities. The role of science
education will, therefore, be re-examined in the context of a general
education.

With the introduction of the new primary curriculum, which
was implemented nationwide in grade I in January 1983, the empha-
sis at the elementary level is on the basic skills in education. This is
to continue throughout the first phase of elementary education
(grades I to III). Science is to be incorporated as part of the subject
of ‘Man and his Environment’, which would be introduced in the
second phase of elementary education namely in grades IV, V and
VI. Such a science curriculum would facilitate the acquisition of a
broad prospective of science in relation to science-related social
issues. In formulating a science curriculum within the framework of
Man and his Environment due emphasis will be given to the child’s
experience and environment when considering criteria for content
selection. Emphasis will also be given to learning skills of inquiry,
fostering positive attitudes to science lcarning and developing basic
concepts. The focus at this level would be on the observation and
study of the environment.
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At the secondary level, greater emphasis will be given to concep-
tual understanding and the acquisition of intellectual skills. Scien-
tific concepts, principles, processes and critical thinking will be
emphasized. Education through science is an important contribution
to the totality of the individual’s general education. Humanizing the
scientific enterprise will be necessary for the provision of a values-
oriented science education. This would be an essential ingredient of
a balanced education. The science curriculum will thus have to high-
light the relevance of science to the world outside the classroom.
Social relevance, as an additional dimension in the science curriculum,
will have to be given due consideration in the formulation of the
secondary science curriculum. While experimental work and concep-
tual processes, which characterize science, will continue to remain
central to science education, due emphasis needs to be given to the
social dimension in science. A science curriculum in this context will
have to provide for understanding the social implications of scientific
activities and the contribution science and technology make to
society. Such a science curriculum should provide for the incorpor-
ation of curr .t social issues such as environmental degradation,
energy cunsenvation, consumeiism and drug abuse, to name but a few.
In a paper entitled, Towards a Science Education Policy, Prabhakar
(1981) has deliberated on a number of these pertinent issues to be
considered in the formulation of a science curriculum in the context
of general education.

Fostering scientific talent amongst students. Programmes are
organized from time to time with the aim of nurturing scientific and
technological talent amongst students and the out-of-school popu-
lation, and for the development of scientific creativity amongst them.
One such programme is the National School Science Exhibition joint-
ly organized by the Ministry of Education and Esso Production
Malaysia Incorporated. This Science Exhibition is held biennially,
and students from the upper secondary level in all schools in the
country are given the opportunity to participate in the exhibition by
sending in their projects. Some of the projects previously submitted,
include: (a) electrical energy from solar cnergy; (b) river pollution;
(c) biological nitrugen fixation: ways to improve production; (d)
growth and reproduction of padistraw mushrooms; (e) study of the
chemical components in the mango fruit; and (f) extraction of
caffeine in tea and coffe; a quantitative study.
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The Young Scientists programme is another such activity to 1
promote the development of scientific creativity amongst school-
children. Here pupils are encouraged to work on projects of social
relevance such as projects on pollution, energy and food production.

Science societies in schools function as part of the co-curricular
activities in science. Activities of these societies include (a) visits to
factories, research centres and other places of scientific interest; (b)
talks on scientific topics; (c) development of science-based hobbies
such as photography; and (d) project work on socially relevant
topics such as water pollution. These activities help to cater for the
development of scientific creativity amongst school-children.

The Ministry of Science, Technology and Environment, Malay-
sia, with the co-operation of the Science Centre in Singapore, organ-
ized a Science Exhibition in 1982 for the public. The exhibits in-
cluded computing machines, electromagnets, transistors, batteries,
plastics, synthetic dye and hormones. These exhibits were intended
to show how scientific discoveries had changed man’s way of life
over the years.

Role of research institutes and industrial concerns in science
education. Research institutes such as the Institute for Medical
Research, the Rubber Research Institute and the Science Faculties of
Universities contribute in various ways towards supporting and
strengthening school and out-of-school science education program-
mes. From time to time, they organize exhibitions depicting their
scientific research and the applications to everyday life. These
exhibitiuns arc open to the public. They provide speakers for school
science society activities, to talk on various areas of scientific
interest. a
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Science as a separate suhject is taught only in the English
medium schools in Male. But some science concepts are incorpor-
ated in the environmental studies curriculum, which is used by all
schools.

There is no specific official science policy statement but the
concepts of science education are highlighted in the proposed educa-
tional plan and in the National Primary Curriculum which is present-
ly undergoing a first major revision.

Science education in schools

At lower primary level (grade I and grade II) science concepts
are integrated into environmental studies. From grades III to VII
general science is taught, which includes physics, chemistry and
biology. Up to grade VII all students take general science At grade
VIII level, science is divided into biology, chemistry and physics. At
this level all the science subjects are compulsory. At grades IX and X
students have the option of selecting science or arts subjects. Those
who opt for arts subjects take history, geography and integrated
science instead of biology, chemistry and physics.

In 1983 the percentage of students opting to take science was
60 per cent at grade IX level and 61 per cent at grade X.

There are altogether 40 periods of instruction per week at all
levels. The table below shows the time devoted to science.

Grade Percentage of instruction
time devoted to science
Per cent

111 and 1V 5.5

A" 6.6

VI and VII 11.1

VIII 22.2

IX and X 33.3
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Enrolment at the primary, secondary and pre-university
stage (1982)

Level Number of students
Primary 34,090
Secondary 3,745
Pre-university 55
Total 37,890

Curriculum aspects. The present science curriculum is organiz-
ed as environmental science and integrated science for primary levels.
In lower secondary and upper secondary the sciences are treated as
separate subjects i.e. physics, chemistry and biology.

The Education Development Centre of the Ministry of Educa-
tion is responsible for developing and evaluating the curricula for
primary schools. Lower secondary and upper secondary schools
follow the London GCE ‘O’ Level and ‘A’ Level syllabuses respec-
tively.

There is no defined frequency with which the curricula are
revised. It is carried out on an ad hoc basis. The present primary
syllabus has been in use for about five vears, but the Education
Development Centre is in the process of renewing this syllabus.

In the primary curricula attention is being paid to real life
problems and social issues. As the lower secondary and upper secon-
dary curricula are governed by the London GCE there are very few
social issues included. However a course in fisheries science was
introduced at grade VIII in 1982 and it is being taught at grade IX
in 1983 and grade X in 1984. It is hoped that this will make the
students more aware of the problems of the fishing industry in the
Maldives and the need to develop this industry further.

Evaulation. The school year is divided into four quarters and
at the end of each quarter, the students’ work is evaluated. The main
examination is at the end of every year. At the end of grade VII
the students take a public examination and at the end of grade X
students sit the London GCE ‘O’ Level examination. Having passed
this examination in at least two subjects, students may enter the
Science Education Centrc if they wish to proceed to university
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studies. At this Centre students follow the London GCE ‘A’ Level
syllabus, which is a two year course. Evaluation is carried out
throughout the two years. To enter the second year of the course
students have to pass a mid-course test which is held at the end of
the first school year.

Science activities/laboratory work and equipment. In the pri-
mary and lower secondary there is no set time devoted to laboratory
work. This is left to the individual teachers to decide but it is subject
to availabitity of a laboratory. In the upper secondary school about
75 to 80 per cent of the curriculum time available for science is used
for laboratory work. Laboratory work is not examined at primary
and lower secondary levels but it is examinable at the upper secon-
dary level. In the final examination, 33 to 40 per cent of the final
marks obtained are for practical laboratory work.

The general provision »f science equipment in the schools is
very poor. Two government schools (primary and lower sccondary
levels) have science laboratories, but both are poorly equipped.
Private schnols liave no science laboratories at all, so hardly any prac-
tical work is done in science subjects. The laboratory at the Science
Education Centre (higher secondary level) is well equipped. Locally
available materials are used as far as possible in the science labora-
tories but as the Maldives is a country relying on imports there are
very few materials available locally; for example no chemicals or
glassware are manufactured in the country, so these have to be im-
ported. This problem is most serious in chemistry and physics where
almost all the equipment and chiemicals have to be imported.

There is no institution or organizadon which is in charge of
designing or producing science equipment.

Use of educational technology

At the primary and lower secondary levels, no sophisticated
technology is used to reinforce or supplement teaching. At the
Science Education Centre overhead projectors and cine film projec-
tors are (reely available to all teachers who wish to use them. In the
science faculty, loop films are available to the students and these are
used to reinforce teaching. Video films are also available to sujpie-
ment teaching or widen the interest of students.
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Teacher training qualifications

There is no specific science teacher training for the primary
stage. Primary science is taught by primary class teachers along with
other subjects.

At the lower secondary stage the teachers who take science are
required to have a diploma / certificate in the teaching of science and
three years teaching experience. At the upper secondary level the
science teacher is required to hold a degree in the required science
subject and to have had five years of teaching experience.

All teachers ptesently employed hold the minimum qualifica-
tions required but the majority of them are expatriates.

Attempts made to overcome the shortage of local teachers.
Teacher training courses are conducted locally both in English and in
the local language to teachers at primary level. Students are sent
abroad on scholarships to graduate in science subjects and to follow
up with a certificate or diploma in teaching.

Programmes and innovations

Science teaching is a very recent development in the Maldives
and uo programmes have been conducted so far to popularize science
and technology. The Science Education Centre conducts workshops/
seminars on the theme of making the curriculum more rele.ant to
locai needs and is studying ways of producing indigenous low-cost
material for the teaching of science. G
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One in every four citizens of the Mongolian People’s Republic is
attending a regular education establishment. All children of school
age have compulsory education to the eighth year of school or the
lower secondary stage of education. The main task facing the cou 1
try is to create favourable conditions to introduce universal compul-
sory education throughout secondary level to the tenth year of
school.

The People’s Revolution of 1921 opened up a pathway for the
development of cultural and scientific education. During the past
six decades, illiteracy has been completely eliminated, and a real,
democratic inte_-ated education system has been established. Every
citizen, irrespective of nationality, sex, race, social origin and posi-
tion, has the right to education in the mother tongue. This right is
guaranteed by the constitution.

Financial assistance for school age children is available from a
Study Fund. This Fund is used to provide material assistance to
pupils, when they are in need of it, by improving their health condi-
tions, and also the cultural, educational and other aspects of their life.
Pupils, who are unable to attend school regularly because of their
parents’ living and working conditions receive board and lodging with
equipment and furniture free of charge for the academic year.

Secondary school pupils from villages are provided with free
transport within the surrounding regions on their departure and
return to school, at the beginning and at the end of the academic
year, and also during the school vacations.

During the examination periods external students and evening
school pupils are freed from their duties and fully paid by their
organizations: (a) before the end-of-year examinations for five days;
(b) during the eighth-year secondary school leaving examinations for
two weeks; (c) during the examinations for the ten-year school
leaving certificate for 2C days. Those who attend general secondary
evening schools have the right to tane one hour’s leave, with full

wages, for every lesson.
8 24 174
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Orphans, or school age children without guardians, are provided
by the State with free living accommodation. Weak children, in need
of long term medical treatment, and disabled students (the blind,
the deaf, the dumb and the mentally handicapped, are provided for
in a similar manner).

The Ministry of People’s Education is responsible for organizing,
leading and developing all academic and educational work. The
Executive Boards of local groups of Peop.e’s Deputies are responsible
for the organizational work pertaining to all school age children. The
parents’ duties are to send their children to school at the right age
and to create good conditions for them to study.

School education

General structure. Primary schools take children up to the age
of 8. After finishing the third year of primary school all pupils trans-
fer and continue their studies in the fourth form of the general
secondary school. Eight-year school-leavers are given a certificate of
‘incomplete’ secondary education, but on finishing grade VIII, pupils
are able to continue their studies in upper secondary sciools and
in specialized secondary schools and then obtain a complete general
or special secondary education certificate.

Some may study at vocational schools if they so wish and also
may work or engage in industrial (productive) labour. Young people,
who are working in branches of the national ecoitom’ or culture,
having finished the incomplete general secondary education, are pro-
vided with the necessary conditions for studying at general evening
schools in shifts and at correspondence courses and seasonal schools.
They are admitted to specialized secondary schools through entrance
examinations. Such schools are organized in cities, towns, villages,
big industry combines and farms. Evening schools are organized
within the general education schools.

Evening secondary schools in shifts are organized within big
industries, where shift work is practised. The academic year of the
evening schools in shift< lasts 34 weeks with classes four days a week.

The aim of the seasonal school is to give those people with
primary education who work at agricultural farms and associations,
secondary education up to grade VIII level. The seasonal schools are
attached organizationally to lower secondary or upper secondary
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schools of agricultural associations and state farms. A seasonal
school is a school with a duration of three years and with 20 weeks
of lessons from 1 October to 1 March each year. Adults, unable to
attend seasonal and evening schools regularly because of industrial
conditions, are covered by correspondence courses, =nd receive a
general secondary education, at the extramural departments attached
to general secondary education schools.

City and town dwellers receive the equivalent of an eight year
education for five academic years (each academic year has 30 weeks)
and full secondary education (upper secondary) for two years (cach
academic year has 34 weeks).

Science education

All schools provide science education as part of the compulsory
general education at all levels. The general primary schools offer
arithmetic and the Mongolian language. In Form V (junior secon-
dary school) biology and geography are introduced; in Form VI
physics is included; in Form VII students study chemistry and in
Form VIII they study the principles of Public Law of the Republic,
human anatomy, physiology and health education. In tenth year,
students begin to study social sciences and astronomy in addition to
the other disciplines.

All subjects are taught according to the programmes approved
by the Ministry of the People’s Education. Taking into account the
age of the children, the normal school week for Forms IV to VIII of
general educational schools is fixed at 28 to 34 hours, and Forms IX
and X, 35 hours at the maximum. Science education aims to develop
fully the independent activities of children by providing them with
laboratory work, seminar and practical tuition, as well as organized
excursions.

Optional tuition among pupils is organized as follows: Form VII
studies scientific principles of animal raising; Form VIII studies folk-
lore, principles of agriculture, vegetable growing, chemical laboratory
technology, mathematical logic, analytical geometry, logarithms and
programming; Form IX studies literary criticism, physiological
botany, quantitative and qualitative analysis, anatomy, chemical
reactions, molecular physics and elementary astronomy. Form X
studies complex numbers, conjunctive numbers, oscillation. waves,
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quanta, suructure of organic substances, cosmology and so on. Addi-
tionally Forms VIII to X may attend optional subjects on Mongolian
word-formation, Russian language and history of the Republic.
Forms VIII and IX have optional tuition in geography. The optional
courses take 134 hours in the lower secondary schools and 170 hours
in the upper secondary schools.

This optional tuition aims to develop the ability of the individ-
ual and is organized on a voluntary basis. The curriculum of the
optional courses is drawn up by the Research Institute of Pedagogy
of the Ministry of People’s Education. Taking into account the
needs of the pupils and their parents, according to the decision of the
Ministry of Education, advanced courses of physics, mathematics,
chemistry and Russian language are organized for Forms VIII to X
pupils of general secondary education schools which have the neces-
sary materials and teachers.

The pupils who successfully complete Form VII and who pass
the competitive examination, may take the advanced courses, and
attend lectures by professors from the higher educational institutions
and scientists invited from the scientific research organizations.
Graduates of the courses have the right to continue their studies in
the advanced courses of the complete secondary schools.

The curriculum
The Law of People’s Education states:

A complete and incomplete secondary school is a
single unit, whether general educational, labour, or poly-
technical school, for instructing and educating children
and youth, and for providing them with a general secon-
dary education. This is ensured by organizing the process
of education and upbringing, according to the generally
established principles, so that the content and level of
general education be uniform through the territory of the
Republic.

unified study plans for general educational schools’ adopted by the
Ministry of People’s Education, in 1979. Under this plan 43.8 per
cent of all academic hours are devoted to humanities, 38.9 per cent
to natural and mathe natical sciences, 5.7 per cent to labour training
and 6 per cent to fine (imitative) arts and physical culture.
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Primary level. The aim of arithmetic at this elementary level is
to familiarize pupils with the four arithmetical processes and with
solving simple problems.

General secondary level. The main themes of science education
in Forms IV to VIII of general secondary schools are : (i) in arith-
metic and the beginning of analysis, to give a knowledge of math-
ematics and its processes in connection with the notion of ‘sets’ and
‘possessions’. In the first lessons the pupils study the topics of ‘iden-
tity and ‘transformation’ at an elementary level; (ii) in geometry to
study the rotation of flat figures round the axis of symmetry, projec-
tion of figures and formation of angles. Much attention is paid also
to the transformation of figures and the problem of calculating
angles. In Forms VI and VII they learn equality, expression of sets,
and they also study the identical transformation of the expression
process on the basis of the theoretical functional approach, the
quality of equations, the linear quadratic equation, exponential
functions and logarithms. The primary notion of the theory of
approximate calculation is also included in the programme. Geo-
metric transformation is a mutual similar reflection of the whole flat
which is projected onto itself. Vectors and co-ordinates will be given
here; (iii) in physics: to pay special attention to the molecular struc-
ture of substances; to study the fundamentals of molecular mass,
density of a substance, weight, pressure, simple mechanism, heat-
ex..auge, aggregative state of substances, electro-magnetic induction,
kinematics and dynamics, heat capacity, thermal unit and calorific
theory; (iv) in chemistry: to study the chemical elements of the
periodic system, by explaining the character of suhstances and their
compounds on the principles of the periodic table; (v) in biology: to
study the structure of plants and animals, their state and comparative
life, environment and historical adoption, the classification of plants
and animals and their evolutionary development; and (vi) in anatomy
and physiology: to teach the structure of the human body, paying
special attention to the higher nervous activities.

Senior secondary level. In physics: to study the principles of
conservation of energy, the retention law of charge, the laws of
Coulomb, Ohm, the electro-magnetic induction laws of Faraday, the
formula of Ampere and Lorenz, the rule of Lenz, the basis of deter-
mination of dimensions of the vibration and wave phenomenon
process, the equation of the vibration charge, the model of atomic
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and nucleus structure, the law of connection between mass and
energy, Einsteins equation, the analysis spectrum and various other
spectra. In astrophysics, a basic component of astronomy, to study
the features of matter beyond our planet earth.

The chemistry course provides a deeper knowledge of the
periodic law and related system.

In biology, pupils study questions of physiogenesis and onto-
genesis, living nature, reproduction, heredity, variability and
cytology.

Organization of curricula. The programmes of study for each
subject, approved by the Ministry of Education, determine the con-
tent and time allocation. Each programme has a commentary
describing the aims and objectives, methods and techniques, use of
audio-visual aids and the general organization of instruction. In
some programmes there is a list of books to be read by the pupils.
Optional additional programmes are also included occasionally.

In order to discuss the main problems of instruction and educa-
tion each school forms a board of teachers to work according to rules
approved by the Ministry of Education. Each school has its teaching
unit of methodology which consists of a number of sections depend-
ing on classes and their pecularities.

The aims of the Teaching Unit of methodology are to study the
achievements of science and pedagogy; to organize instructional pro-
cesses, to improve teaching devices; to evaluate the implementation
of study programmes and to make suggestions for improving the
quality of educational and instructional work for the administrative
boards of schools.

Revision of curricula. In 1971, all educational establishmen.s
introduced new curricula and the Ministry of People’s Education
adopted a new curriculum for general educational secondary schools.
In 1979, this plan was further improved by introducing some amend-
ments. There is no fixed time for amending curricula.

Relevance to society. In 1963 a law was enacted to strengthen
the links between schools and life. In accordance with this law, edu-
cation and industrial practices are closely correlated and students are
expected to take an active part in social work. At the primary level
pupils are acquainted with the work and activities of industrial
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workers. At the lower secondary level students learn about technical
drawing, mechanics and hand-tools and they participate in some
industrial processes. In Forms IX and X students work as proba-
tioners in training workshops, manual training centres and in agricul-
tural co-operatives and state farms. This intensive manual training
occupies up to 25 per cent of the curriculum time in Forms VIII to
X.

Evaluation. In Forms I, VII and IX students have to pass an
examination in order to progress to the next grade. At the end of
each academic year every pupil is assessed in every subject. Assess-
ment is based on a variety of techniques: oral interviews, written
tests, completing or drawing tables and graphs and laboratory work.

Laboratory facilities. In senior forms practical work occupies
13 per cent of the time available. In order to fulfil the updated
curricular requirements, schools have established well-equipped
laboratories and have introduced a study room system for instruction
which is of great importance. Practical skills in science are given
emphasis i1 final examinations, particularly in the oral examination.

Use of educational technology

At present all the general educational schools have been sup-
plied with mechanical aids, equipment and audio-visual materials and
50 per cent of all school subjects have the opportunity of using study
rooms and audio-visual aids.

There are 2,300 items of approved equipment and audio-visual
aids used for instructional work in the secondary schools. In the
years 1976-1980 state investment in purchasing equipment and
furnishings for schools increased by 2.4 times that of the previous
15 years. The Soviet Union rendered great assistance in the supply
of school materials and school buildings. Some equipment, audio-
aids and furnishings are now produced in Mongolia. Many audio-
visual aids are constructed by teachers themselves.

At present 20 per cent of the required instructional equipment,
audio-visual aids and other teaching materials are produced in the
country, the rest are imported. There are some local workshops
designing and producing educational devices. One of these is the
educatic nal device workshop in Ulan Baatar. It has different sections
for radio, wood and metal. Here complex linguaphone booths and
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mechanical aids are produced. According to the state plan certain
furnishings for classrooms and laboratories are also produced.

Audio-visual aids at the upper secondary school level include a
wide range of photographic prints and slides. There are 960 film-
strips and 233 slides and also 911 cine films and cine extracts in the
schools. Each local centre has film archives. Electronic computers
are also used in advanced mathematics classes. Basic knowledge and
practice in the use of electronic computers is given in Form X.

Teacher training

Teachers in primary schools and the junior forms of general
educational schools should have secondary education in pedagogy
and are trained at the pedagogical colleges or specialized secondary
schools for teachers. Teachers with higher pedagogical qualifications
are required for general educational secondary schools.

Over 90 per cent of teachers in primary schools and junior
forms of general educational schools, in the academic year of 1981-
1982, possessed secondary pedagogical education. Seventy per cent
of teachers in general educational secondary schools possessed a
higher pedagogical qualification.

It is planned that by the year 2000, all primary and secondary
schools will have fully qualified teachers. By the year 1990, 95.6
per cent of teachers in primary schools and 85.5 per cent of teachers
in secondary schools will be qualified in the field of pedagogy.

Structure of training. Teachers for primary schools are trained
at pedagogical secondary schools. For enrolment those who are
under 30 years of age with lower secondary education have to com-
pete for places in the pedagogical schools by examination. The term
of study at the pedagogical school is 3 years 10 months. During this
period students will specialize in pedagogy and at the same time will
complete upper secondary education.

The science curriculum of the Pedagogical Secondary School is
approved by the Ministry of Education. Twenty-three per cent of
the total study programme is devoted to lectures, and 23.4 per cent
1o laboratory and practical work. Almost half the lectures and
laboratory work are devoted to teaching methods and psychology,
the Mongolian language, and mathematics. Additionally, students
have teaching practice of ten weeks.
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Teachers for secondary schools require a higher pedagogical
education and are trained at universities and pedagogical institutes.
Persons under the age of 35 with complete secondary, or upper
secondary education, are admitted to the pedagogical institutes
through a system of competitive examinations. Graduates of Form
X of general educational schools and demobilized persons within the
same year have the right to sit the competitive examinations, if they
have an appointment as a teacher. Persons with pedagogical secon-
dary education, if they have worked not less than two years as a
teacher in primary schools, also have the right to enter the competi-
tive examinations for the pedagogical institutes. Students who pass
these examinations receive financial grants on a monthly basis.

The period of study at the pedagogical institutes is four years.
The science curricula of the institutes are approved by the Ministry
of People’s Education. The actual study programme for each subject
is worked out by the specialized departments concerned and are
approved by the directorate of the institute.

At these higher teacher training institutions, methodology of
teaching, psychology and specific science occupy 12-15 per cent of
the time. Laboratory work and practical lessons take up 33.3 per
cent.

In-service training. Primary school teachers who have worked
successfully for not less than three years after finishing at complete
secondary schools are admitted to the extramural departments of the
specialized secondary schools training teachers for primary schools.
Those with complete secondary education, who have worked satis-
factorily at rural primary schools for not less than five years, are
permitted to take the graduate examinations at specialized peda-
gogical secondary schools training primary and nursery teachers.
Teachers with pedagogical secondary education who have worked in
rural secondary schools for four years and in cities for not less than
six years are admitted to the extramural courses of higher peda-
gogical institutes through competitive examinations.

Other ways in which teachers can upgrade thcir qualifications
and increase knowledge and skills are by self-learning on a program-
me based on the curricula of the Research Institutes of Pedagogy of
the Ministry of Education. Such a programme contains aspects of
teaching methods and psychology, reports on definite problems of
pedagogy and published articles; and by attending short seminars on
theory and methods of teaching. 189
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After every five years of teaching, teachers must improve their
qualifications by completing a one month advanced course. These
courses are for those teachers who have completed their qualifica-
tions independent'y and who have taken part in two of the short-
term seminars.

The salaries of the successful graduates from the refresher
courses are increased on average by 10-15 per cent.

In order to retrain teachers and to improve their qualifications,
an Advanced Teacher Training Institute was established in 1983.

Research in education

The Research Institute of Pedagogy was established in 1963 and
has undertaken many investigations to improve the content and
quality of science education, and also many studies to link practical
work with independent thought and initiative in children. The Insti-
tute has been involved in the development of new science curricula
and programmes for general secondary schools and with the use of
educational technology in teaching. Teaching methodology has also
been investigated by the institute and modifications introduced into
teaching schemes, through practical handbooks of methodology, in-
cluding" ‘Pedagogical background of general education in a primary
school’, ‘Leading and organizing tutorial work and inner-school con-
trol’ and ‘Instructional equipment and its significance in cognitive
activities of pupils’. In recent years the Institute has published some
helpful manuals on familiarizing pupils with the fundamentals of
ethics and aesthetics, tutorial work in schools, and the structure and
content of Young Pioneer organizations. The Institute co-ordinates
the research work of all research workers in education.

Programmes for extramural youth and adults and the popularization
of science and technology

The popularization of science and technology in the country is
organized by the Mongolian Society for the Dissemination of Scienti-
fic Knowledge, the Society for Nature and Environment Protection,
the Mongolian Revolutionary Youth League and by other public,
educational, cultural, and scientific organizations.

The Mongolian Society for the Dissemination of Scientific
Knowledge is a voluntary public organization which aims to assist
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actively in the constant improvement of the political and scientific
knowledge of the working people and in the upgrading of their edu-
cational level, by popularizing the great achievements of science and
technology, and relating them to productive work.

The Mongolian Society for the Dissemination of Scientific
Knowledge, which has branches throughout the country, covers
youth and adults at various people’s universities. It disseminates
information on science education using periodicals, radio, television,
lectures, exhibitions, and by organizing meetings with advanced
workers of industrial and cultural establishments. It has a periodical
called ‘Shingilekh ukhaan amidral’ (Science and life) which is pub-
lished bi-monthly.

The Socicty takes an active part in the preparation of regular
broadcasts on a varicty of science education themes for adult
education.

Every year the Society carries out a month’s campaign for the
dissemination of scientific knowledge and two months’ programme
for the protection of nature and the environment throughout the
country. It also issues a series of booklets for the herdsmen, who
take their cattle to remote pastures for better grazing.

The Mongolian Society of Environment Protection is respon-
sible for all activities related to nature and the environment. The
Central Station of young nature enthusiasts is fully responsible for
environmental protection work among children and youth. Branches
of the Station are organized at research institutes and schools.
Attached to the Central Station and its branches are 15 kinds of
cultural societies, the curricula and lesson programmes for which are
worked out and approved by the Central Committee of the Mongo-
lian Revolutionary Young League and the Ministry of People’s
Education.

The Central Station of young nature enthusiasts and its
branches are engaged in many activities for providing theoretical
knowledge by organizing excursions and trips, arranging exhibitions,
and convening meetings.

They also form clubs of young naturalists, groups of young fire-

fighters, and detachments of pioneers to combat agricultural pests.
The Socicty also organizes radio and T.V. broadcasts on the theme

of ‘Nature and Man’.
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With a view to improving the technical knowledge of children
and youth, of creating research work in science and technology, and
of developing technical sports; technician stations, clubs and cultural
societies are nrganized, attached to industrial, economical, research
and cultural organizations and schools.

Many stations, clubs and cultural societies are guided by the
Young Technician House of the Central Committee of the Mongolian
Revolutionary League.

The House, in addition to elaborating educational programmes
for the stations, clubs and cultural societies, arranges competitions
for the best invention among young technicians and propagates
scientific a.id technological achievements. Young technician stations,
clubs, and cultural societies have two hour classes twice weekly.

Educational innovations

A session of the Mongolian People’s Great Hural in December
1982 considered the further improvement of education in secondary
schools and reaffirmed the commitment of the Government to scien-
tific and technological progress. Specific innovations arising from
this latest development are:

1. Diminishing the load on pupils by adjusting the hours devot-
ed to different subjects, updating the curriculum and im-
proving the interrelationship between subjects;

2. Improving the supply and qualifications of teachers for
secondary schools, through extension of teacher training,
and improvement of teachers’ salaries and conditions of
work. Also by introducing regular seminars for teachers—at
local level—to improve teachers’ skills and knowledge, parti-
cularly in science and technalogy;

3. Using the Central Commission of the Children’s Fund to
finance the construction of well-equipped school buildings
and to improve the children’s way of life;

4. Developing industrial and co-operative training links and
providing industrial training for senior students of general
secondary schoals; and

5. Organizing voluntary societies for pupils of mathematics,
physics, chemistry and biology. O
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The national goals of education are the guiding principles of
science education at all levels of education. They aim to: (1) pro-
duce citizens who are loyal to the nation, the crown and national
independence and who remain alert and ever active, concerning their
rights and duties; (2) develop, preserve and extend such learning
areas as science, technology and skills development, which are neces-
sary for the development of the country and for producing a cadre
of skilful workers and technicians to shoulder responsibilities in
every area of national development; (3) inculcate qualities such as
moral integrity, dignity of work, self-reliance, aesthetic awareness
and cosmopolitanism; and (4) preserve and develop the national
language, literature, arts and culture.

The educational system

The systematic development of education spans a period of a
little more than 30 years from independence from the Rana Regime
in 1951. In 1951 there were two colleges, 11 secondary schools and
321 primary schools in the country. The number of students enroll-
ed at the primary level was 8,505, at the secondary level 1,680 and
at higher education level 250.

Before the implementation of the National Education System

Plan in 1971, there were 49 colleges, 1,095 secondary schools with
120,531 students and 7,275 primary schools with 408,471 students.

The educational structure consists of five years’ primary, two
years’ lower secondary education and three years’ secondary.

Although primary education is free it is not compulsory. Even
so, enrolment is as high as 87 per cent.

In the recently revised structure of school education, grades VI
and VII are designated as lower secondary education. Almost all the
lower secondary schools are attached cither to primary schools or to
secondary schools.
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The last three grades in the ten years school system constitute
secondary education. At the end of schooling, students are required
to take the School Leaving Certificate Examination.

Educational statistics 1982

No. of schools No. of students No. of teachers

Primary 10,912 1,474,698 32,259
Lower secondary 2,964 199,678 10,820
Secondary 1,081 170,404 5,634

Higher education is provided by the Tribhuvan University.
There are also technical schools offering three year courses plus one
year on-the-job training.

Science education

Science is not taught as a separate subject in the first three years
of primary education. In these grades science education is mainly
hygiene, but some science concepts are also incorporated with social
studies. From grade IV, health education is combined with science
education. So in the first three years of schooling science learning is
predominantly re’:ted to health. This strong emphasis on hygiene
and health is given in response to the needs of society.

Science as a separate subject begins from grade IV, and is com-
pulsory for all students from grades IV to X. It is an option for the
last two years (grades IX and X). The main reason for making sci-
ence optional is the shortage of trained science teachers. In the
optional curriculum a large number of alternative groups have been
provided for student. to select from. These are: (a) science; (h) lan-
guage; (c) social studies; (d) commerce; (e) Sanskrit; (f) home
science; and (g) art and health.

To overcome this shortage the Ministry of Education is launch-
ing a five year programme, through the establishment of a science
education development centre, to train and retrain more teachers
of science.

Time available. Four periods per week (10.25 per cent of in-
structional time) are allocated for teaching science in grades IV and
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V, the last two years of primary education, whereas in grades VI to X
of lower secondary and secondary, five periods per week (12.8 per
cent of instructional time) are devoted to the teaching of science.

Curriculum aspects

Introduction. One of the significant features of the National
Education System Plan 1971-1976, (NESP), was the establishment
of the Curriculum Development Centre. It is currently called the
Curriculum, Textbook and Supervision Development Centre (CTSDC).
This Centre is solely responsible for Jeveloping, implementing and
evaluating science curricula for the primary, lower secondary and
secondary stages of school education.

Currently an objective-based and centrally-directed model of
curriculum development is practised. National goals are translated
into curriculum objectives and programmes. The curriculum guides
are prepared in various subject areas, including science.

The objectives of the new science curriculum are basically the
acquisition of knowledge, skills and attitudes of direct use to the
students in their daily life and undertakings.

Objectives of primary science education. After the completion
of primary level education the students will be able to: (a) develop
fundamental scientific skills such as observing, classifying and record-
ing data of things around them; (b) make scientific sketches; (c) use
senses effectively in order to obtain information about the environ-
ment; (d) explain the fact that all living things are dependent on air,
water, sunlight and soil; (e) describe the uses of soil, air and water
and demonstrate their propertics by simple experiments; (f) observe
and describe the general characteristics and structure of living things
and show the effect of the environment on plants and animals; (g)
develop an awareness of and a curiosity about the properties of
things around us; and (h) perform simple scientific experiments.

Objectives of lower secondary science education. After the
completion of lower secondary level education the students will be
able to: (a) sketch scientific drawings and do simple experiments;
(b) observe natural phenomena and develop an awareness of those
phenomena; (c) describe the properties and structure of matter and
facts related to force and energy; (d) explain general facts regarding
carth and space; and (e) describe the structure of plants ar.d animals
and show their interdependence within the environment.
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Objectives of secondary science education. After the comple-
tion of secondary level education the students will be able to: (a)
describe fundamental scientific facts and concepts; (b) describe the
structure and properties of matter; (c) describe general laws relating
to work, force and energy and relate them to practical aspects of life,
especially daily life; (d) explain the basic concepts related to earth
science; (e) describe the structure and life processes of living things
and the environment; (f) develop basic scientific skills and make use
of them; (g) prove scientific principles and laws and make conclu-
sions from experiments; and (h) develop scientific attitudes.

Organization of the curriculum. The determination of the cur-
riculum content is highly institutionalized and organized, with the
major goals being set at the national level, by the Ministry of Educa-
tion and with more specialized curriculum objectives being deter-
mined by specialists in the discipline area. The organization of the
current science curriculum at primary level has given stress to the
teaching of biology and environmental science. At the lower secon-
dary level emphasis is laid on physical and biological sciences, where-
as at the secondary level the separate subject disciplines of physics,
chemistry, biology, geology and astronomy are available.

In the CTSDC there are subject specialists who are fully respon-
sible for developing and evaluating the curricula. The committee
system is used to develop all three levels of school education curri-
cula i.e. primary, lower secondary and secondary education. There
are three types of committees. The first is the subject committee
with members from different educational fields such as the Institute
of Education, university campuses, Educational Directorate, and
school teachers. The chairman is appointed by the Centre. The sub-
Ject specialists of CTSDC first prepare a draft curriculum and this is
discussed in the subject committee. Improvements will be made, if
necessary, and the draft curriculum will be forwarded to the next
committee known as Curriculum and Textbook Development and
Innovation Committee organized under the chairmanship of the
Chief of CTSDC. After the approval of this committee the draft
curriculum will again be forwarded to the third comnuittee called the
Curriculum and Textbook Co-ordination Committee headed by the
Honourable Minister of Education. Only after the approval of this
third committee will the draft curriculum be finalized and ready for
implementation.
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Revision of curricula. Curriculum development is a continuous
process and it has to be adjusted constantly to changing national
needs, aspirations and values. For the improvement of the present
curriculum, reactions were collected from personnel such as teachers,
supervisors and headmasters. On the basis of this information sci-
ence specialists of CTSDC analysed the present science curriculum,
and submitted revisions to a National Seminar on Curriculum and
Textbooks, organized in 1977. The revised curriculum was restruc-
tured again in 1980-1981, and has been implemented since 1981
part by part. By 1983 the revised curriculum had been implemented
throughout the country.

Relation to society. There is a greater acceptance that the cur-
riculum should be related to the life, needs and aspirations of the
people. The current thinking is to organize the teaching of science in
primary and lower secondary levels as environmental studies, with
emphasis on hygiene and health, e.g. water; soil; air; plants around us;
animals around us; plants, animals and the environment; effect and
importance of the sun; relations of man with other living things and
the environment; food and diseases.

Evaluation

Evaluation is a continuous and integral part of the whole teach-
ing/learning process and helps teachers and curriculum developers to
improve their teaching and curricula and thus enhance the learning of
all students. Effective science teaching requires a strong evaluative
base, which in turn demands well-stated behavioural objectives. Un-
less there is continuous feedback from the science teachers in the
light of actual classroom experience, the improvements in science
education to the desired level cannot be achieved. So it is a two way
process.

An examination unit was established with the introduction of
the NESP. Prior to this plan the examinatior administered at the end
of each grade and the terminal examination such as School Leaving
Certificate (SLC) were the only means of assessing progress of
students. These examinations were usually of 2-3 hours duration
and tried to evaluate the students’ knowledge of the subject matter
by means of about 12 to 16 essay type questions. The new scheme
for student evaluation attempts to encompass all important objec-
tives and considers evaluation as an integral part of the educational
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process. To perform this important task the examination unit has
attempted to produce standardized achieverzent tests, but the pro-
cess of constructing and standardizing comprehensive achievement
tests has not yet gained the required momentum, mainly due to a
lack of a pool of suitably-qualified professionals.

The new examination scheme for students’ evaluation includes a
provisior for internal assessment. For this purpose, preliminary
clarification of the objectives of each course at all levels of school
- ducation have been made and published in the form of curriculum
guides. Internal assessment constitutes simple evaluation tools such
as unit tests. The next step of the new evaluation scheme is to keep
records of the progress achieved by individual students. For this
work the examination unit distributes to the respective schools
sample record forms for recording the progress made by individual
students in different subjects and for compiling a cumulative record
of their overall achievements.

Students are promoted from each education level on the basis
of comprehensive examinations. At the end of primary education
and again at the completion of lower secondary education, examin-
ations are condvcted on a district and zonal basis respectively.

In the final examination there is a provision for 25 per cent of
the marks obtaired in the internal assessment to be added to the
marks obtained in the school leaving certificate examination organiz-
ed by the examination unit. The questions cover only the cognitive
domain, the psychomotor and affective domain objectives are
neglected.

Science activities, laboratory work and equipment

Laboratory work. Nepalese educators well understand the
importance of activity-oriented science teaching. Since the introduc-
tion of science education at school level this understanding has been
reinforced. Science students have been regularly taken to nearby
science colleges for scientific activities and demonstrations. Later,
when the schools acquired their own equipment and materials,
demonstrations became possible in their classrooms. But classroom
activitics were not possible in all schools mainly because of a lack of
qualified teachers and facilities and the textbook in use did not in-
clude simple activities.
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With the emergence of the NESP in 1971 the new curriculum
stressed, even more, activity-oriented science teaching and in accord-
ance with this spirit textbooks were written with experiments and
activities. For example the books now in use at different levels
contain the following activities:

Grade IV (primary level) — 22 experiments
Grade VII (lower secondary level) — 79 experiments
Grade VIII (secondary level) — 96 experiments

Although there are experiments and activities in the textbooks
there is no separate time allocation for conducting experiments and
practical work is not an examinable subject in the final examination.

Equipment and materials. Before the introduction of the NESP,
schools themselves acquired teaching equipment from their own
resources. The scheols compiled their own equipment lists and pur-
chased the apparatus from neighbouring countries. However, in the
mid-1960s, under a joint project of Nepal and UNICEF, science
equipment and kits were distributed to a few schools. It was found
that this equipment was not consistent with the curriculum and text-
books and, furthermore, the apparatus was too sophisticated for
Nepalese science teachers. The equipment was selected mostly from
the ‘Eve’ list of UNICEF.

With the implementation of the NESP, schools were provided
with equipment and other materials which the curriculum required.
Every school obtained a set. There were 119 different items, includ-
ing chemicals, for secondary level and 72 items for lower secondary
level. This distribution was carried out only once, replacement being
the responsibility of the school.

The equipment and material list was revised in 1981, to match
the latest revision of the textbooks.

Facilities in the schools. Very few schools have laboratory and
storage facilities. Usually the equipment and other materials are kept
in cupboards in the office. The facilities in lower secondary and
primary levels are particularly discouraging.

Use of locally available materials. Various efforts have been
undertaken to encourage teachers to use locally available materials as
an alternative source for science activities. Several agencies have
conducted short-term training programmes, published guide-books,
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and arranged exhibitions and competitions to assist in this direction.
Furthermore, the newly revised textbooks emphasize the use of
locally available materials.

Procurement of equipment. The CTSDC is mainly responsible
for identifying, purchasing and distributing equipment and other
materials. Almost all the equipment and materials are imported from
India.

Some of the materials can be produced in the country by pri-
vate organizations and at the Science Equipment Centre of Janak
Educational Material Centre, which is a government-owned organiz-
ation. In this regard, the CTSDC should play a major role in design-
ing, testing and evaluating prototype equipment with the help of the
Science Equipment Centre. Later such equipment may be mass
produced by the Science Equipment Centre as well as by private
enterprise.

There are no sophisticated technologies used in the majority of
the schools. A few schools in the capital possess slide and movie
projectors.

Teacher training

Background information. In 1966 at the request of His Maj-
esty’s Government, a Science Teaching Project was initiated by
Unesco with the aim of improving the quality of science teaching and
science learning at all levels. Under this programme, facilities were
provided for strengthening science teaching through in-service cour-
ses for science teachers, the supply of equipment, the provision of
fellowships, and the establishment of a Science Equipment Centre.

As a first step towards upgrading the quality of science teachers,
a special team of science teacher educators was trained at the College
of Education. These key people were then involved in in-service as
well as on the-spot programmes for primary and secondary school
science teachers.

Another programme was the Science Teaching Enrichment Pro-
gramme, conducted by the joint effort of science specialists of the
Ministry of Education and a Peace Corps Volunteer. There were no
textbooks for the students as it was a totally activity-oriented

programme.




Science education in Asta and the Pacific

After the implementation of NESP the Institute of Education
undertook the responsibility of training teachers in all areas.

Teacher training for science subjects. Teacher training is con-
sidered the most important part of education. Teachers play a vital
role in the effective implementation of science curricula. Lack of
qualified and trained science teachers is one of the greatest draw-
backs in the field of science education.

The Institute of Education organizes different courses, at Certi-
ficate, Diploina and Degree level, to produce trained teachers. There
are pre-service as well as in-service training programmes.

The production of science teachers from the Institute of Educa-
tion is as follows: these students had taken science as a major subject
in their B.Ed. or 1.Ed. qualification.

In the year | Secondary (B.Ed.) | Lower secoadary (I.Ed.)

1978-79 39 48
1979-80 81 135
1980-81 46 67

Qualification of teachers. The qualification required for teach-
ing science at the primary level is the School Leaving Certificate and
additional training; at the lower secondary level; 1. Sc. or I. Ed. with
major in science; and the secondary level; B. Sc. or B. Ed. with a
major in science.

The official data of qualified and trained science teachers are
not available and not fixed. There are, however, very few trained
and qualified science teachers; many of those who qualify with 1. Sc.
or B. Sc. prefer to take employment outside the teaching profession.

Programme for out-of-school youth and adult science activities and
popularization of science and technology .

Publications, science fairs, and radio broadcasts are the major
activities in out-of-school science. The publication of books and
magazine is at an early stage; most of the publications are focused on
the scientific community.
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Science fairs are occasionally organized by various agencies for
science students and teachers. A wider out-of-school science pro-
gramme is still to be developed.

The radio broadcast programme is more popular. It has the
advantage that transportation is not a hindrance which it is for activi-
ties such as science fairs. There are two radio broadcasts through
radio Nepal. One is sponsored by CTSDC and the other by the
Research Centre for Applied Science and Technology of Tribhuvan
University.

Current innovations

The Ministry of Education and Culture is launching a science
project very shortly. The aim of the project is to upgrade science
teaching and improve science education. The specific objectives as
indicated in the Final Report of the Science Education Project are
to: (a) improve the teaching ability and science knowledge of practis-
ing teachers by in-service short courses, and by training 25 master
teachers to provide on-the-job support to teachers; (b) improve sci-
ence teaching facilities at a selected number of secondary schools;
(c) improve the quality and use of science teaching equipment at all
secondary schools in the country; (d) train and upgrade a number of
key science educators; (e) improve the supply of equipment and to
maintain it adequately; (f) provide a focus for science teaching activi-
ties throughout Nepal by the establishment of a National Science
Education Centre; and (g) increase the supply of science teachers.

Meanwhile, the recently established Royal Nepal Academy of
Science and Technology is also planning to launch science program-
mes at both the formal and non-formal levels. Simila:ly the Ministry
of Education and Culture is planning to undertake various science
activities under the programme ‘Science for All’. (]
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NEW ZEALAND

The Education Act of 1877 set up a national system